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ABSTRACT 

"Outlook" publications focus on areas of science and 
technology iii which research can be valuable to industry, government^ 
and society as a whole. Their purpose is to point up significant 
current problems in those areas and to suggest effective research 
approaches to their solution* This issue, dealing with changes taking 
place in our schools and total educational system^ presents six major 
essays. The first, "New Schools for New Times," explores designing 
schools that are responsive to changing demands and focuses on 
improving student performance* The need for clearly defining what 
schools want to accomplish is discussed in "Eringing Management by 
Objectives to Schools." "The Curriculum: Make it RelevantI, Make It 
Work!" demands the formalizing of precise objectives and 
instructional goals as a basis for better Gurricula. The prototype of 
a practical system for teacher appraisal is spelled out in 
"Appraising Teacher Performance," while the adoption of a 
planning—programming—budgeting system is called for in "PPBSi 
Planning for Schools of the Future." The final article, "A Better 
School/Community Dialogue," looks closely at the communication 
programs of educators who are confronted by the public's growing 
disenchantment anl concern with school practices and expenditures* 
Miscellaneous notes and research briefs complete the publication. 
(EL) 
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I hp Batte!lr3 Rosearch Outlook focuses cn areas of science nnri 
tecfinotogy in which research can be valuablo to Industry, to gov- 
ernmont, and to e^ociety as a -wholo. Its purpose is to point up sig- 
nificant current prcjblems in thoaS areas and to suggsst effociive 
rfisearch approaches to their 'solution. The Outlook is f-iiblished 
quarteriy by l\\u ColumbuG Laboratories of Battel le Memorial Insti* 
tutOi an organization advancini and utilizing scienco and tGchnol= 
Gfiy for the tDenefit of mankind through teclinoiogfcai innovation. 
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NEW SCHOOLS FOR NEW TIMES 

hy ihivul S. liiishmU 



JUi'DKC \TIQN IN I UK ii.s. is u $55 hilMun 
enicrprise. One inii of every four Anier- 
jeans is direeUy cnyageO us u stiident. 
teacher, or educational adminisiraior. 
Mijny withers work in supporting roles or 
in ihe gros\ing industry of educational 
suppliers. Ihe President recently oh- 
served that we now spend as much on 
'.. education as the rest of the world 
comhined. 

Bducai ion's role in mainialniny and 
enhiincing the skill and adaptability of 
the US. labor force and in providing the 
basis for further growth through re- 
search allows us to continue our rate of 
economic advance in competition with 
other nations. Kconomisis have rccog- 
ni^ced that expenditures on education 
have produced a large share of iho eco- 
nomic growth achieved In this coLiiitry 
In recent years. Former Labor Secretary 
George P. Shultz estimated almost a 
decade ago that the yield irom our in- 
vestment in educaiion since 1929 may 
account for one-fifth c f the rise in na- 
tional output. 

Learning experiences that produce cit- 
izens who cuji adapt to cliangc may well 
prove to be one of our nation's greatest 
resources; but ironically, our educaiiona! 
system itself has moved toward rigidity 
and unresponsiveness to change. How to 
make it more responsive to new demands 
and how to renew its ability to serve hu- 
nian needs and the nation's econoniy are 
the focal points of this article and those 
that follow. 

Until recently, pressures for educa- ^ 
tional reform have come largely from 
outside the establishment. The taxpayers 
have been complaining more and more 
about the dollar cost of education. The 
changes wrought by the advent of a 
computer-based technology have pro- 
duced denionds for new skills, and em- 
ployers want employees with these skills. 
Further, the iniiitant skepticism of the 
disadvantaged and of many students 
from, more affluent, levels of society un- 
derscores the fact that educational insti- 
tutions have not kept pace with the 
requirements for living find working in 
the real world. 



It has only been in the la^^t decade thai ' 
eirorts to iiii[irovc schools ha\e been 
bold enough to try to reforni the total 
educational ss-Niem, Not many adven- 
turoiis sOiiK have been \silling io \s resile 
Willi eurriculiini eonteni, instriict tonal 
procedures, teacher functions, and ad- 
r .inlstraiive procedures all at ihe same 
time. Yet, This is happening in a fe\s 
places, and with promising resuks. Har- 
nessing the posver of systematic inquiry 
- in behalf of educaiion occupies the at- 
tention of a growing cadre of specialists. 
1 heir struggles and modest suuccsses are 
making a story that is well worth the 
telling. What's happening in education 
R ^ D hcconies particulariy clear svhen 
today's situation is siesved from tsvo 
perspectives; eurreni needs and demands 
on education, and the promising devel- 
opnients now being pioneered. 

EDUCATION UNDER PRESSURE 

Schools are under pressure to change 
for several basic reasons. The benefici- 
aries of the system, tlie students, sense 
that teachers are out of touch w«th the 
real world and its demands. Today's 
students are a product of a shrinking en- 
vironment, a world made smaller through 
TV and travel. Many of the more ad- 
vantaged commit thojiiselves to 50cial 
swivice. Having econoniic security, they 
are most concerned with the inequ'ties 
that they see about them and find Lheir 
reward in conducting aggressive action 
on behalf of the disadvantaged. 

It seems fair to describe our younger 
generation as more empirical and in- 
volved, and ieos nietaphysical and de- 
tached, than the older generations in its 
orientation to the world. Our youth are 
doers rather than spectators. Advances 
in technology, from the rf-bomb to the 
spacecraft and from the pill to the heart 
transplant, have amplified this genera- 
tion's sense of power^ even over the 
forces of life, This concern with the 
empirical — ^this desire to discover and to 
use discovery to effect change ~ has led 
many students to observe and question 



the exents around thein ITiey want lo 
kntnv, fo uike aciixe part, and to have an 
iinpaci. 

These, charaeti^ristjcs of present-day 
siudcnis naiuraPly ongonder profound 
implications for i:he educational system. 
Because so many schools operate by 
keeping siudcnis In a subordiiiate n^lc. 
some lihservers characierize our public 
schools us Gustodial histitutions. Instead, 
school programs and policies must he 
developed in a more deniocratic way 
with students acnvely involved in the 
decision-making process. For too long, 
school administrators have failed to 
teach or communicate to the supposed 
beneficiaries of the system that the tra= 
diiional practices make sense, if indecil 
they do. Students are challenging time- 
worn procedutes. They are demanding 
that teaching methods and learning ma- 
terials be shaped to meet more of their 
need?^. and not just those of the 
educators. 

The recent success of the documen- 
tary film "High School" dramatizes the 
dcfensiveness with which students react 
to their learniny environfiient. The fear 
of breaking some petty rule, the insis- 
tence that students be respectful, and the 
teacher's instinct for "disrespect" are 
portrayed vividly, 

The relative decline in the AvailabrN 
iiy of employment in the manufacturing 
sector of our economy and the ri^e of the 
service industries also arc creating pres- 
sures for change. This shift has produced 
a corresponding rise in the need for writ- 
mgj listening, speakings and reading 
skills. Interpersonal skills, for opening 
up and niaintaining efTeciive comnntni- 
cation with consumers or fellow worK 
ers, are in considerable demand and 
^ have to be acquired somehow during the 
formative years, 

Yetj the products of today's schools 
reflect little training of du's kind. They 
are likely to have tightly comparimentaU 
ized knowledges with low mastery of 
verbal skills and little rnotivation for con- 
tinuing their iearning. Those who fail to 
live up to the demands of the typical 
school system come away scarred and 
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irnsimti^J hy t/Jucuiion, 'rhc Joy of c- 
uovery is lost in ihe disilhision tif failurLf, 
Aiini[)gr fuutor tliui js piessurifig (he 
schools is ihu snoriLi shili Iruni cDncu*rn 
uhinit qiiuiitilativu aspecis of cthicalinn 
thu niaHer ol LjuuHK, In ihv pasl two 
iluCfUk's, the problcni has hccn (o sup- 
ply huildinus luui tcnehwrs to handle un 
Hf) pyrccnt increase lii the populaticni of 
schuols, ihi^ ujiHs th fieino auuravuteLl bs 
the nuLss niiyraiion to urban anil subur- 
ban areas, luhicators have hud all ihes' 
could tio to keep up with the booming 
numbers. Now tliis period of rupiti 
i»rowth is over, and the push is shifting to 
demands for better quality in education. 

While eniphasis was locused on ac- 
cornniodaiing more and more students, 
seliools uould get by with tei i'hing the 
same thing, using the saiiie methods, 
year after year. No more. Now thuy are 
faced with the accusation that much of 
tills conifortablg tradition has little rela- 
tion to the problems of operiiting in to- 
day's worltl. Schools ure being prodtled 
to tailor progianis to meet the diversified 
bnckgrounds, interests, and abilities of 
the students and their needs in the real 
svorld. Middle-class leachers who are 
teaching irrelovafit curricula have little 
chance of rciating positively to individ- 
ual students, and thus ofTer slim hopes 
for bringing about the major reforms 
needed in education, 

Finaliy, it's getting harder to finance 
the rising costs of education. Taxpayers 
who contentedly passed levy after levy 
for the past 20 years are suddenly put- 
ting their foot down — ^ hard. In those 
years they were willing to take the edu- 
cators word that the schoolH were doing 
fine; now they arc becoming more and 
more critical of where their dollars go 
and what those dollars are being used 
for* To raise money in the future, edu- 
cators will have to presgni a much better 
case than 



Part and pai^v! of tho .nonev^ problem 
is the structure of school financing, NN'ell 
oser hulf of (he wducaiional budget for 
public schools is funded by the local 
property owner, who has begun to bend 
unLlcr die burden. The situation is par- 
tieularly Lieuie in distrit'ts s\ith plaiciiued 
or declining tax revenues — - especiallv in 
niany large urban areas, where educa- 
tional refornis are inosi needeil. Clearly, 
changes are necessary in the methods of 
financing public education. Imagine the 
pilghi oi" the airline Industry if it were 
forced to modernize luul expand its ser- 
% ices without federal assistance aniJ the 
opportunity to svrite-ofT operating losses. 



THE SYSTEM^S RESPONSE 

Much can be said in identifying and 
summarising the expectations and forces 
impinging on education, and also the 
reactions t3f the sysieni to the pressure. 
One of the more promising responses of 
the educational establishment has been 
to recognize the necessity for expanded 
R & D. Former U,S, Commissioner of 
Education. Dr, James E, Allen, sees the 
functioii of R & D as ''providing active 
leadership in the setting of goals, in the 
identification of needs and priorities, and 
in the search for solutions for use at 
state and local levels,*' Federal support 
for research during the past 5 years has 
helped to stimulate the broadening in- 
terest and involvement of trained re- 
search people— through such legisiation 
as the National Defense Education Act, 
the Cooperative Research Program, and 



(he Vocational HLlueation Act, which 
sets aside 10 percent of its appropria- 
ilm for resLsueh, 

Recent elf oris have yielded four major 
developments that show considerable po- 
teiitjal: (1) indis iduall/ing insiruction, 

(2) exploiiing educational lechnoh^gy. 

(3) making schooK more accuuniable. 
and (4) systemaii/^ing the dissemination 
of information on improsed praciices 
and theii^ use. 

individuBlizing Instruction 

Individually prescribed instruction 
(I PI) is designed to adapt educaiion to 
the ability levels and learning styles of 
students who have varying backgrounds 
and aspirations. The bai-iic. eniplrically 
proven premise that supports IPl is: stu- 
dents learn at dinerent rates and in dif- 
ferent ways. When a program of 
instrirction is tailored to their interesis, 
abilities, and styles of learning, 90 per- 
cent of our stiuients can master most 
subjects. However, achieving optimal 
leiirning will require a raft of new teach- 
ing materials and methods, better admin- 
istrativ^e procedures, and modified 
organiiLational patterns as well as pro- 
found changes in the attitudes of teach- 
ers and adniinistrators. 

Many professionals who are research- 
ing curricula view today's stress upon I PI 
as progress beyond the discipline- 
centered reform movement that was 
started back in the early 1950's, They 
are interested in adapting improved 
course content to the requirements of 
individual students thro jgh a process of 
trial, evaluation^ and modification. 
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lional objectives thai are more precisely 
defined, {2) better ssays of measuring siu^ 
dent aitainnicnl of ihoso ohjeciivcH, iind 
(.1) nieihods of mutehing sindenis and 
appropriate learning malcrlals. By align- 
ing what is to he learned with the in= 
fnrnuilion proctssing habits of students, 
wc can ofTer alternuiivc pathways for 
most student:;, not just the verbally gifted, 
to fclloNV in order Lo achieve at least the 
minimum ability to function us adults. 
Roforming the eurricuium subject bv 
subject must continue. However, it is 
increasingly recognized thai separate, un- 
related courses will not necessarily lead 
tu a balanced education or, for that mat- 
ten a minimally adequate one. Horizon- 
tal, as well as vertical integration or 
synthesis of subject areas is required. 

Learning readiness and acadcniic 
uchievemeni seem to depend as much on 
teaching method as un subject matter. 
This is almost a commonplaco observa- 
tion today. Even 2- and 3-year olds are 
being taught to read. Schools are bugin-^ 
ning to react to advances in the theory 
of instruction by organizing nongradcd 
and continuous^progress programs or by 
grouping students according to their in- 
terests, abilities, and styles of learning. 
Also, experiments are under way with 
team teaching and other ways of han- 
dling the various teaching functions that 
provide ncxibinty in the size of classes 
and better matching of leaching abilities 



to the insirueiional chores. 7 bus, {here is 
a sirong irend toward cenii*firg leuching 
on the iearnurs rather than on the 
teachers, 

Siic'cessful learning experiences tliat 
are tailored to the individual students arc 
helping R) neiiirali^e the negative feel- 
ings of the more reluctant ones. As an 
example, the Minneapoils Public Schools 
ntTer potential dropouts individualized 
work/study opportunities as a way of 
completing high school. Further, the 
Hudson School at Hudson, Ohio, allows 
below-average students to study at their 
own pace and also urgc^ ibem to assist 
their fellow students overcome particu- 
lar hangups. Success in both iocalcs has 
bolstered the sense of competence and 
the degree of control that these students 
feel in regard to their own destiny — an 
important outlook for the mature 
personality. 

Probably the ni.ost draniatic exnmpk 
of the use of individualized instructional 
techniques is ofTered by the Research for 
Better Schools, Inc. (RBS) in PhiladcN 
phiu. Some 190 elementary schools 
throughout the U.S. are working with 
RBS in individualizing their teaching 
programs over a 5-yeur period. RBS 
field-tests, monitors, and disseminates 
the I PI system that was developed orig- 
inally by the Learning Research and Dc^ 
velopment Center nt the University of 
Pittsburgh. In the IPI program the 
teacher is still at the heart of the system, 
but he takes on such new responsibilities 
us evaluating the initial level of attain- 



ment of the individual srndent In a gis en 
ureu, prescribing iearning sequences, 
monitoring progress, testing, and repeat- 
ing the e>cle as the siudeni pri)gresscs 
to the next higher level of learning. 

One of the encouraginy developments 
Irom the RBS program is the meticulous 
packaging of the total system, from 
statements of the leaining objectives to 
teacher training materials. 1he IP! pro- 
gram is ready-made for instullation and 
implementation. 

A sumewhal tlilferent approach (o in- 
dividualizing instruction, also pioneered 
by the University of Pittsburgh s Learn- 
ing Research and Development Center, 
is being taken at the Henry Clay Frick 
Elementary School in Pittsburgh. Its 
promising Primary Education Project 
(PEP) involves about 375 children aged . 
3 to 6 years. Basically, »*EP is designed 
to teach "intelligence," Following an IPI 
format, the project is trying to accom- 
plish its mission by employing a care- 
fully worked out. programmed sequenec 
of learning materials; this Is expected to 
develop thoHc basic learning .skills that 
will enable the youngsters to score better 
on inielligenee tests. Each basic skill is 
broken down into an appropriate learn- 
ing sequence or hierarchy of skills, 
which, in turn, is translated into a cur- 
riculum that will enable the student to 
acquire that skill. 
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£xp/o/t/ng Educational Technology 

Another dcvclopnK'nt. though not yet 
under full steam, h:is been given u lot of 
publicity and is hcing lonkgd to by lend- 
ing businussmcn and educators as a 
means of improving the cfTcGtivcneNs of 
the learning praecss while helping to 
.stretch the educational dollar. This h the 
exploitation of insii;uciiona| technology. 
The recent report to the President by the 
ConiniiHsion on Instructional Technol- 
ogy broadens the usual derinition by 
Gharactcrizing instructional technology 
as "a systematic way of designing, carry- 
ing out* and evaluating the total process 
of leufning and teaching in terms of 
Hpccilic objectives . . , employing a com- 
binaiion of human and nonhuman le^ 
sources to bring ubout more cfrecUvo 
instruction/' Harnessing the recent wave 
of innovations in the information pro- 
cessing field to the needK of cUiieatiori 
offers many potential advantages. 
Among them arc the more productive 
use of a student's and teacher's timCs 
greater flexibility and enrichment of 
learning nmterialSi con''' ''ous nionitor- 
ing and evaluation of the individual stu- 
dent's progress, and more efTcctive ways 
of linking the school and real world 
cnvironnients to create more relevant 
leariiing experiences. 

Such instituiions as the Oakland Com- 
munity College near Detroit and the 



Nuviil Academy at AnnupoIiH have been 
demonstrating the feasibility of self- 
study, nuilii-nmlia programs in institu- 
tional settingj^. The Annapolis project, 
financed jointly by the U.S Ofliec of 
I£duealion and the Department uf the 
Navy, has successfully field-tested a 
compuiur-nianaged instructional system 
in three major subjects that are covered 
during the fust Hcmesier of the freshman 
year. The computer is being used to 
mediate between the student and an 
array of instructional resources that was 
put together to facilitate achieving spe- 
cific performance objectives. 

Compiiter-nianagcd instruction, while 
in some minds synonomous with IPI, is 
emerging as an important means of 
furnishing support to the teacher. Proj- 
ect PLAN, a major undertaking by the 
Wcstinghousc Learning Corporation to 
overhaul Grades. 1 through 12, exploits 
the coniputer as a teacher aid. It serves 
as an information system that records a 
student's luarning and academic history 
and his program of studies, scores the 
tests, and furnishes the teacher up-to- 
date information on a student's status 
at a moment's notice, By monitoring a 
student'.s day-to-day progress, the teacher 
is alerted to that student^s problems as 
they occLin Incidentally, Project PLAN 
represents one of the first realiy system- 
atic attenipts to cover all academic, vo- 
cational preparation^ and guidance areas 
at the elementary and secondary levels, 
Fourteen school districts scattered 
throughout the U,S, Initiariy are involved 



as testing and vnlidation centers for this 

project. 

A potentially importuni nspeci of ap- 
plying new technology has been the de- 
sign and field testing of computer-based 
guidance = systems. These provide both 
students and guidance eotuiselors with 
detailed job information and skill re- 
quirements in a form that enables the 
sluti'mts to estimaig their own chances of 
success in given occupatiDns based upon 
their backgroiuids, previous school rec- 
ords, and apiiludes. At the same time, 
such syslenm permit the guidance coun- 
selors to prescribe for the students and 
to advice ihcm on uppropriaic career 
strategies. 

Making Schools More Accountahle 

A third development, the use of sys- 
tems analysis, may vvcll revolutionize 
school planning programs and financial 
accounting proccd'jrcs. This Is an out- 
growth of industry's and the niilitary^s 
experience with a more systematic ap- 
proaeh to the allocation of resources and 
the assessment of the bencrus derived 
from, such allocation. By bringing sys- 
tems analysis into the management of 
eduGational systems, many, hope to en- = 
sure that reform efforts in education will 
shift from abstract theorizing about 
needs and practices to a more hard- 
nosed, empirical approach. One of the 
following articles, on the Planning- 
Programming-Budgeting System (PPBS), 
illustrates this use of systems analysis in 
education. 
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spreading IhQ Word SystBrnaticaliy 

I'inully, the u\'nluut>n oi "ediicnlional 
enyinugring servjyi^s" oircrs pcrhapN lliu 
yruLiiu?st puiuntiul roe improving cLiuca- 
lion in the long nni, ^'hls niinunium 
modcK itself alter [hu Agrluiiluirul lix= 
lunsinn Scrvicu. whiuli has done so miiuh 
10 tip ihu pmducliviiy of farms in ihg 
U.S. during thu hmi 100 y^arN, Cuni^nt 
interest in such educatjonul services 
builds upon two decades of sysienialic 
research on bringing scleniilie knowj- 
cd|[e to the pfaciiiioncr in nndursland- 
uhlc form. Information' systems such us 
the 20 lidiicatjonaj Reseurch Informa^ 
lion Cemers fISRIC) — locaied primariiy 
at Liniversitics scattored thruugiiont the 
country — acquire, screen, store, uinl 
electroniqally disseminate reams of dis- 
lillud inibrmaiion to those who need it. 
Skills in ideniifying the problem and 
providing consulting help In solving it arc 
.being taught to a cadre of "linking 
ageiits" whose primary niission will he to 
tie user groups, e.g., schools, to a corn- 
ucopia of ficUlMgsted cducaiional 
resources available at these c enters. Fin-- 
ther, to provide these services, this new 
breed of "educational engineers'' muNi he 
trained to apply the results of research 
with particular sensitivity to the pracllcal 
consti^aints and inimediaic pressures un- 
der which the school administrator and 
his -Stafr operate. 

Several other education nl information 
services are now in the demonstration 
or operatioiial stage. In addition to the 
ERIC clearinghouses, there arc 50 state 
Research Coordinating Units (designed 
to assist in the dissemination of inv 
proved vocational education practices), 
15 regional Educational Research Lab- 
oratories, and innumciabic county or 



regional tievelopnicnt centers wiihin 
sUiU:s, siieh as New Vork Siaies Hoard 
of Coopi^ralive lldiicatjonal Serviecs. 

OPENING DOORS TO THE FUTURE 

il these developments are to rcsoKe 
the condilions thai have led to the rising 
elunior for more democratic, relevant, 
aiid hiiinanistic educaiiunal pn^yrurns. 
und il we are to design schools thai are 
responsive to changinii demands iuid "vet 
are economical in their use of resoLirces. 
the key is become more "resiilis- 
oriented" evolving ways to jinprove 
the educational process. The last 20 
years have been dominated by the almost 
"ihuologiea!" assumption that schools 
are, in fact, providing something of 
value, Diiring thai period, educational 
objectives have been couched in vague 
and amhiguous terniH, instead of in terms 
of the impact of the learning experiences 
oil the student, ^Objectives laid out on 
this latter basis woiMd not limit the 
would-be innovator to the i^.,huniing of 
ouinioded procedures. 

Relating objectives in terms of ''out- 
put"— improvement in student perfor= 
munce ~ opens up the passibility of 
incorporatirg in the system a vast new 
array of learning opportunities that may 
be developed both inside and outside the 
present educational establishment, Sig- 
nificnnt and dramatic improvements can 
be realized by taking this new perspec- 
tive, that is, hy locusing on improving 
ihc pcrfomiancc of the student, with a 
careful appraisal of what works and what 
doesn't. Even if it h not the only cri- 
terion for judging an educational system, 
improved raudcnt performance is cer- 
tainly one of the most significant. 
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Center for Iniprovud EdiicaLiori 

On August 1. Oatlulln Inunnhnd ihn CDnlnr for ImprnvntI Erlu- 
Ciilion. A stalT of spRninlisl^ in nclunnlion, bi;linvionil Hciniicus, syH= 
Inms nnnlysis. niul nlhor I'kiUh iH nlruiuly noiukinliun Htutlins in lino 
with lliti Cunlofs ubjnclives, wliidi am to: 

■ Purffirm urenlivu educ:nlionnl rGHunrch 

■ Dnvolop nu\v nflunulionnl tochnoloyy and pmgninis 

■ CoIUhU, nna!y:^p, aud riisguminnlo dntn niul infnrmnlitin for udu- 
fmlionnl plaiinars nud dGcision-mnknrB 

» Provide training in now nnnc:tipi8 nnfl mothcKlH for lonnhnrH, 
snlinol ndministrnlnrB, school bunrd munibnrs, nnd odutiiilinndl 
pltinnurs 

■ Furnisb tGchnlcal atlvlBory SDrvlnuB in cducntnrH involvnd in 
udu nniionalnhnngG, 

School systems arc] cnuyht up in numerous problGms — lack of 
precisG goals and abjnntivos. ibo umd for program and syslGm ■ 
Gvaluation, inadequnto Irnining of staff, studGnt unrnst. tennhnr 
militancy, racial strife, nnd taxpa\^r resislnncG, ProgrONsivG fiduna- 
tors, in trying to cope with these problnms, look to improved 'tech- 
nology and scientific managGment methods to achiGVe solutions. 

The basic philosophy underlying the GLtablishmenl of the Cen- 
ter is that science and lechnology hiivG much to offer in solving 
these problems, thnt technological cOntribntions must be molded 
to the human dimension, and that humanness must sbrve as mastnr 
and technology as servant. 

The Center is a technical resource for educators around the 
country. The ultimate goal is to help bring about educational 
change for the benefit of the student and the community. 
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iiHAR A GREAT DEAL today ubout "manaycmenl by 
objectives", gspCGially in business and inclimiry. Success in 
dircciing a canimercial enterprise usually is buHud on skillfully 
designing useful objectives that mark progress toward the fuN 
fill men I of worthwhile goals, and on developing und carrying 
out procedures for uiluining [h■^m objectives, and thus ihc 
goals. Can a management approach that is m successful tn 
business and industry help education as well? Let's tnke a look. 
Like businesses, school systems need clearly defined 
-statcmenis of what they want to acconiplish, Basjgally, such 
statements are of two types: goals, which arc long-term and 
may be philosophical, idealistic, and even visionary, and ob- 
jective^^ which arc short-term and a I tain able, and function 
as steps to the goals, 

A goal of the U.S., according to the Dcglaraiion of 
Independchce, is to guard the inalienable rights of the indi- 
vidual to '\ , . Life. Liberty, and the puriuii of Happiness.'^ 
Some years ago AT&T\s board chairman cited as a company 
goal "good, chcnp, fast worldwide service for everyone," For 
school systems a typical goal would be "to develop in each 
student ihe ability to acquire and use knowledge efTeciively/' 
Objectives, on the other hand, are likely to be more 
sharply focused and down-to-earth. School systems might work 
toward objectives such as improving the reading achievement 
of disadvantaged students by a speciflc' amount or decreasing 
the student dropout rate by a certain percentage. Objectives, 
aniike goals, can be measured quamltatively and thus can 
serve as milestones of progress. 

Our cqncern here centers on using proper goals and 
objectives in managing educational systems^ — nominally, man- 
agement by objectives. This is not a simple matter. School 
systems involve many types of activities. Consider the kaleido- 
scope of responsibilities facing the school superintendent. He 
must deal with the eurriculum, the staff that administers and 
teaches it, the facilities and buildings that house and serve the 
schools, the long- and ihort-range^ flnancing, and not the least, 
the relations of the school system to the parenti and tax- 
payers. Somehow^ the superintendent must pull all these ele- 
ments together — coordinate* organize, and direct them ~ so 
that the system will move toward its |oals. 



GOALS AND EDUCATION TODAY 

No organization^ much less an educational system^ can 
operate meaningfully unless all of its componants are work- 
ing toward common goals. These goals must be stated lucidly 
and publicized widely 50 that all. concerned will understand 



and hopefully svill accept thum: they must come through loud 
nnd crystal-clear. The goals for school systems should be 
uiilored specifically, because each system is unique and must 
set its own direction. And when the time fur evaluniion comes, 
there Is only one way to datcrminc how the school syslcm is 
doing, nnd that is by measuring its progress against lis 
own goals. 

Goals should be challenging. They should not be so 
idealistic and so far out that they arc completely unrealistic: 
nor should ihcy be so pedestrian that little or no real clfort 
is needed to attain them. The ideal, goal for a school system 
i.^ one that is just beyond its grasp. 

Consider a school system recently studied by Battolle- 
Columbus stafT members. The school board had said: 'T.valu^ 
ate the program^ facilities, and personnel of our system, The 
research team began its study by asking: "What arc your goals 
^ — ^what are you trying to 'accomplish?'' The answer was an 
embarrassed silence. 

This made life difficult for the research tearn. They 
had no deflnite basis for evaluating the effect ivcncss of the 
system under study. In ihe absence of stated goals, the question 
arose: Should this school system be compared with some ideal 
system or some general set of guidelines not specifically tied 
to the school system itself? 

Some bases for evaluation finally were set up. Two 
were chosen to give ballpark indications: how that system 
met the state's minimum requirements, and how it compared 
with the study team's, conception of a high-quality educa- 
tional organization. Neither criterion permifted a meaningful 
evaluation. 

Such lack of goals also comes back to haunt school 
systems when they go to taxpayers for more, funds. What 
Bnswers can be given when the voters ask, **What are you 
trying to achieve? Can you give us a good reason for reqiiest- 
ing more of our money?" The skepticism underlying such 
questioning has now become an important factor In voting, 
as schoolmen know. During a 4-mpnth period in Ohio last 
year, out of 201 school tax levies and bond issues voted oii* 
108 were turned down. Many of these lost out because the 
voters either disagreed with the school system's goals' or dliln'i 
understand what they were. How can taxpayers know where 
the schools are trying to go cr how well they are getting there 
unlisi proper goals are defined and communicated? 

SBttlng Goals 

Who should formulate the goals? Evan when the sys- 
tem recognizis the importance of |oals, the efforti to establish 
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theni and subsequenily io implement ihem often arc hundlgd 
inclTcctivcly. In ?iome sysicms, goals are handed down from 
on high ^ — ^ by ihc siipsfiniendent'.s oflice^ ih^ school board, or 
a specially appointed conimiltcc. When this happens, those 
who must work to attain therr^ m teachers, or those who are 
afTcctcd by them, as siudents and parents, are h;kely to he 
tinhappy and might even refuse to accept them. 

Yet, when the task of .setting a school systcm*s floals is 
placed in the hands of those who must live with them, con- 
fusion can resiiji. Recently, PTA members and teachers of 
an elementary school met to lay out broad goals for the 
senool in order to provide guidelines for developing the cur- 
riculum and for communicating with parents. As the effort 
began, teachers said, in ef ^ct, 'Tell us what you want, and 
we'll try to carry it out." Parents replied, *'You'rc the edu- 
cators. Tell UK what is best for our children.'' 

Because schools exist basically to teach the young and 
to prepare them for life in the world, the entire com m unity 
hus a real stakg in the school system, ThcrcforQ, all' those 
who have children to be educated, who must finance the 
schools, and who genuinely care about the futuro of their 
comrrMnity should have a voice in determining the direction 
of the schools. Their rights and responsibility, to participate 
in formulating goals must be recognized, Xhis, in turn, calls 
for creating the means for getting all of these groups to con- 
tribute to the dcvelopnieni of worthwhile goals and for clearly 
communicating what role each might be expected to play. 
The wise school adminislralor will take the steps needed to 
handle this (ask successfully, 

Emphasizmg the Important Goals 

Establishing priorities f^r v^arious goals and selecting 
appropriate means for accomplishing the objectives are critical 
to the effectiveness of the school system. For examplei if goals 
relating to buildings, equipment, and facilities dominate a 
school system's operation^ then that system is beitig led down 
a primrose path; when concern for the student and his in- 
volvement in learning gets pushed aside, the net accomplish- 
ments of the systim will be questionable. If covering the 
work plan for that day*s class session precludes the student 
from participating in life situations where true learning can 
occur or if there is no leeway for exploiting an unexpected 
learning experience, then something is wrong with the way 
the goals are being pursued. 

It is essential to give precidence to the most important 
goals. A ichool system may be committed to helping each 
student achieve a successful life and also to creatin| the b?st 




possible school plant. When the superintendent is organizing 
his plans for attacking these two goals, he may give more 
attention to the latter, because it is easier to pin down, Thus, 
the more important goals often must play .second fiddle, be- 
cause ihcy gcneriilly are more elusive. 

The situation is indeed sorriest where exculleni goals 
have been 8et up. but are disregarded in actual operations. 
At the begirming of a study to design a model prison educa- 
tion and training program, the Bntlene-Columbus research 
icani was informed with great emphasis that the primary goal 
of the prison system is to help inmates become productive 
members of society. When asked *'0n what basis is your per- 
formance evaluated?", the w*arden listed these: ( 1 ) the number 
and severity of disturbances, (2) his ability to stay within the 
budget, and f3) the profit generated by the prison industries. 
Real-life circumstances denied the true importance of the 
stated goal for the prison system. Obviously, preoccupation 
with goals that should be low In priority, or .should not exist 
at alk will dilute or even negate efforts to achieve what should 
be the prime goals, 

OBJECTIVES AS STEPS 70 GOALS 

Reaching a goal is usually a long-term process that 
involves several intermediate steps. To insure that these steps 
go in the right dirfiction, each must be carefully defined and 
oriented. If we take objectives to be synonymous with these 
steps, then this process calls for setting up and implementing 
a limited number of achievable objectives. These may be de- 
signed to cover the school system a.^ a whole, one gducation«i! 
program (e.g., vocational education), or one course (e,g., 
auto mechanics). If the system's goals are to be achieved, the 
objectives for any part of the system must be consistent with 
those goals. 

Objectives should meet three standards. They should: 
(1) clearly stale the type of behavior that i^ desired; (2) 
specify the criteria of acceptable performance; and (3) state 
the conditions. Let us take, for example, an objective that 
relates to in'^*'ca:i'^^ the reading ability of disadvantaged 
youngsters. If it specifies that after 16 hours of instruction, 
90 percent of all students should have 75 percent accuracy 
on a standardiEed reading test, achievement can be measured 
effectively. If any one element were omitted, sayj the term 
of instruction or the kind of test to be used, then the objective 
would be too vague^ and the extent to which it was attained 
could not be evaluated. 

Flexibility is eisential in the establishment of an 
objectives-based curriculum. For examplei we cannot expect 
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the same type of performance from every student. Therefore, 
objectives should recognize variances in abiiitles and allow 
each person lo be evaluaicd on the basis of his abilities. In 
the classroom siiuatjon, moreover, ihe teacher's daily lesson 
plm should not be so inflexible thai it is liniiied to prescribed 
materials, which, of necessity, disregard whai h happening 
in the world at that moment, Nfany of these happenings, h'kc 
the moonshot, have direct relevance to the student^s life and 
learning situation, and miisf be dealt with. Objectives, there- 
fore, must give the teacher latitude to take advantage of the 
unanticipated. 

, When objectives arc being set, resources and con- 
strainls also must be considered. What funds are available to 
finance desirable activities? Can the students afTord lo pay 
soniething toward worthwhile activities — for materials, trips, 
or extra equipment? Which local people mi|ht volunteer to 
assist in enriching the educational program? What public facili- 
ties — museums, arboretums, etc. — are accessible? In another 
direction, those establishing objectives must consider legal re- 
quirements and the community's soclai, economic, and political 
conditions. 



MANAGING SCHOOL SYSTEMS 





Reaping the real advantages of managing by objectives 
requires careful, consideration of the qrganizational structure 
^hat will be used in applying it. Agreeing on goals and objec- 
tives demands the cooperation of many groups. The ability to 
accomplish the established objectives depends upon having 
people who are dependable, capable, and willing to work 
on the task. As is typical of all management methods, man- 
aging by objectives is successful only when coordination is 
maintained with many people and cooperation is obtained 
from them, when responsibilities can be assigned with the 
assurance that they will be assumed, and when there is genuine 
commitment to the desirability of pursuing the objectives 
using all available resources and talents, 

Generally, four basic types of organization are seen in 
school systems: 

1. Atitfioritarian. With this type, information and direction 
flow from the top down* The boss gives the orders and 
calls out the goals and objectives, Subordinates are ex- 
pected to carry them out, The teaching st,.ff, students, 
and people In the community have little or no voice in 
shaping the system. Therefore, they are likely to have 
little interest in achieving the goals and objectives that 
are specified for them, - 

2p Laissez-faire, Here, each staff member pretty much goes 
his own way, If objectives are formaliied, they are jlkely 
to have little relation to the system*s goals — if these 
are even stated. And since comniunications are likely to 
be sporadic or non-existent, little or no attempt is made 
to reach agreement on ultimate purposes or on any other 
facet of the system, 

3, Mmmgmenhlabon Under such management, school mat- 
ters are likely to be polarized between the administrators 
and the teachers, As a result, there will be differences In 
goals and conflicts in objectives, and the school system 
will be pulled In different directions, 




4. Participative, This type of management is based upon 
cooperation by all concerned groups— supervisors, teach- 
ing staff, students* and parents, Goals and objectives are 
established In concurti and all parties work together to 
attain them, All these people participate actively in the 
communication process, which operates both up and 
down and outside the school system, Within the frame- 
work of participative management^ a formal structure 
of responsibilities is agreed upon and accepted; those 
who make the final decisions are also accountable for 
the results. 

The participative type of organization is best fitted to 
managing by objectives, It incorporates what the philosopher 
Hegel pointed out years agOi "If I am to exert myself for any 
object, It must, in some way, be my object,'' The message for 
the edueatipnal manager is this: ggt your people immersed 
In formulating and working toward achieving goals and objec- 
tives, The school system and everyone associated with It will 
benefit. When teachers, parents, and students as well as the 
superintendent, other administrators, and the school board 
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join forces in designing the baiie framework, thg school sys- 
tem becoines on authentic com/nunlty educational system ; it 
is a true extension of the participants. 



ORGANIZING THE SCHOOL SYSTEM 

The superintendent or manager of a school system 
will find that managing by objectives will be a refreshing 
expericncOi but not an easy one* H§ will be able to develop 
schools that meet the needs of the community and that, in 
turn, elicit a response from the community, At the same time, 
he will have evolved a system that will adjust eontinually to 
changes in the community and that will reach out to sense 



and to employ measures that will keep the schools alive and 
forward-looking. 

In general terms, these ure the steps that management 
by objeciives calls for: 

First, the community's needs and desires should be 
assessed. This requires inputs from all elements of the com- 
munity. To provide proper balance, information also should 
be obtained from the students — directly. AsseHsnient of these 
inputs will lead to an educational program that will In the 
community and the student. This process should be repeated 
periodically. These inpiils will point the way to the instruc- 
tional, social, ethical, and economic goals that should lie 
established. 

With the goals formulated, the next step is to specify 
the objectives that, when attained, will most effectively accom- 
plish the desired ends. Following this, the type of stalT mem- 
bers needed to achieve the objectives, and also the matter of 
supplenienlary training for those people, should lie considered. 

The budgeting of funds is, of course, another major 
consideration, Each part of the overall program should be 
reviewed to decide how much financial support it should 
receive. The balancing of priorities among the various goals 
and objectives is a critical step in the total process, 

Finallyj the program should be evaluated in regard to 
the cost-efTectiveness of its various elements. In terms of the 
stated objectives, these kinds of questions should be asked: 
What has been accomplished? How much did it cost jo achieve 
that much? What should be done to help the system better 
achieve its objectives? Answers that are based on both cost 
and effectiveness must be sought. 



THE ADVANTAGES 

Managing by objectives entails an effort that cannot 
merely be added to the regular, everyday activities of a school 
administrator, because it represents an approach that is basi- 
eally different from other approaches to school management* 
Although managing by objectives will require time for imple- 
mentation, it should reduce the time that the administrator has 
to spend in putting out fires. 

Properly administered, this management approach will 
provide several benefits to a school system: 

L Orderly growth of each schoors educational program, 
together with the facilities for implementing it 

2, Better recognition and understanding of alternative 
courses of action 

3. A systematic and rational bqsis for evaluating the pro- 
grani 

4 Sensitive means for alerting administrators to drift in the 
system or its parts 

5, An effective mechanism for Gommunlcating job respon- 
sibilities to all staff members in the system 

6, A sound basis for further development of the staff 

7* A solid foundation for bringing about cooperation among 
all those concerned with the educational system* 

The net result will be a school system that is geared 
to the community's needs and desires, to the student^s hopes 
and ambitions, and to the world's trials. 
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THE 

CURRICULUM: 
MAKE IT 

relevant: 

MAKE IT 



HERE IS A PiNCER sqiicezin| the educator. One jaw k the taxpayer, who k 
pressinfi school systems to prove that thev rcal!y arc ejYcctively and eflidcntly 
educating the chiidrcn entrusted to them. The other k the student, who is ioiidiy 
demanding courses that are relevant to both his inimcdiate and future needs. 

Satisfying both demands requires curricuia that are sound pi^ychologically 
and educationally. The major factor in the recent development of such curricula 
has been the fornializinfi of precise objectives to be achieved through instruction. 
This practice gained considerable favor as a result of programmed instruction; 
it plays a vital role in applying the Planning-Programming-Budgcimg Systcni 
(PPBS — discussed here in a later article); and it is beginning to exert the inllu- 
ence it warrants on education in general and on curriculum design in particular. 
Although setting up objectives for certain courses of study is hard svork, it no\v 
seems reasonable to assume that they can be specified tor all areas of education. 



Y^0PJ^ ^ OBJECTIVES IN THE DESIGN OF CURRICULA 



by Ronald /. Cress and Robert F, Rubeak 



'Why do I have to take 
physics? rm going to be 
a social worker r' 



"\ think it's unfair! Just 
because Tm going on to 
college, Tve got to sit 
through this boring 
classr^ 

"This course wouldn't 
be too bad if Td learned 
anything last semesteri'' 



As the use of goals and objectives in education gains niomentum around 
the country, it becomes increasingly JiSlcult to see how school systems are going 
to evolve meaningfuK timely curricula for today's student without them. When 
considering the design of a course, educators must turn away from such questions 
as: ''How can; we develop a more effective geometry program?*' Instead, they 
must phrase them in terms of relevancy to the student: **VVhat, if anything, is 
important for most students to be able to do as a result of a course in geometry?*' 
The process of finding the anssver is largely -one of developing relevant course 
objectives. 

Designing such objectives and also effective means of achieving theni is a 
complicated; but critical and rewarding task. The following indicates just what 
is required. 



ReahWorld InputB 

A good place to start designing a currlculimi Is to determine what ele- 
ments of the adult world should be included in the child's learning. A practical 
way to decide is to survey the community and generate a detailed description of 
its desired educational end-prodtict— the graduating student. Parents, nonparents, 
studinti, employers, educators, and others should have a part In defining the 
skilli and behaviors that are fundamental to a successful adult life. In establishing 
this profile. It may be necessary to consider skills and subject matter that arc not 
typically provided by our schools — especially those of particular inter^t to the 
community. For exaniplei the obllity to listen, as well as to ipeaki may be viewed 
as important in the community and, therefore, should be included In the educa- 
tional profile, 

Other inputs from the outside world are also significant, Manpovver fore- 
casti should be factored in so that students can be trained for jobs that will be 
available when they graduate, The curriculum planners also must provide for any 
limitations imposed by state law, Federal regulations, flnances, and other possible 
external conditions, 

With such real-world inpuu in hand, the planners can turn to instruc- 
tional and student needs* 



ERIC 



"The school wants 
another raise in taxes. 
Giving it more money 
doesn't seem to be buy- 
ing better education for 
our kids/' 
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InBtfUctional and Student Needs 

Instructional needs refer to the kind of course content that is desired or 
demanded. This is determined by closely examlnini a coursers educational history, 
its present content^ and the performance of studenis who have taken it, If the 
Investigation ihows that itistruction has not been adequate, specific alterations 
should be called for, Other factors may also make changes necessary: the 
expectation of greater learning by the students In certain subjects, the need to 
add new material, or a change in the way the content applies in society. 

The needs of the students are reflected in the desires^ interests, and aspini- 
tions that they express or otherwise reveal, The courses and outside activities that 
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students choose also provide major clues, Furthen such student characteristics 
as IQ, reading level, and sociocconon^-c backjround give rcievam information. 
These characteristics can be confirmed and detailed through Individual and 
small group conferences, 

Instructional Goals and Ofa/ecfrVes 

With curricular needs established, the planners are ready to state explicit 
instructional goals — the ends toward which instruction will strive, In this sense, 
the goals provide direction to the steps to be taken in designing and im piemen ting 
instruction. Thus, instructional goals furnish a rationale and give the Intentions 
of instruction. The steps toward attaining these goals are embodied in more.strictly 
defined instructiona! objectives that call out specific tasks, how they arc to be 
accomplished J and how those accomplishments are to be measured. Instructional 
goals and objectives must be set up for individual courses, for major programs of 
course study^ and for the curriculum as a whole. 

The difFerence between an Instructional goal and one related instructional 
objective is shown by the following: 

histntcthfud goal: During the primary years, students will acquire a firm 
undcfstanding of basic addition and subtraction concepis. 
One hmmcthmi! objective: By the age of nine, 90 percent of the students will 
be able to subtract any number from any larger number with at least 90 per- 
cent accuracy. 

In summary* inputs from the real world afTect the instructional and student 
needs. The deterniination of these needs aids in specifying the instructional goaln. 
Then these goals, together with the characteristics of the students, provide a basis 
for selecting or fornuilating sound instructional objectives. 

PREPARING AND IMPLEMENTING OBJECTIVES 

Having accounted for the inputs needed, let us turn to the problems of 
preparing instructional objectives. The objectives for a given course, for eKumple, 
may be written by one teacher who is appropriate for the task* by the stafT of the 
department concerned, or by a larger group that may include administrators or 
other feachers. In such cases ^ the objectives reflect views that are typical of the 
school systeni. The basic viewpoints can be broadened by using teacher-teams 
from differant schools or school systems; employing a broadened base of knowN 
edge and experience is certainly desirable, 

Probably the soundest curricular objectives will result from taking well- 
prepared objectives from outside the district as a base and adapting them to 
meet local requirements. Well-stated objectives are likely to be available for any 
widely presented course. One rich source of objectives is the Objective Exchange 
at the University of California at Los Angeles. It holds large numbers of objec- 
tives and corresponding testing items for all areas of primary- and secondary- 
school curricula, and provides these at a relatively low cost. 

Once the instructional objectives have been established, they must be 
supplemented with detailed directions for applying the five major elements of 
instruction: learning activities^ resources, instructional mode or meihodologyi 
learning environmenlj and evaluation. 

.Lminiing acthiihs are basically whatever the student does, under the 
aegis of the school^ to gain new knowledge and acquire desired behaviors, and 
to develop skill in using them, Independent study, group discussion^ research 
projectSj and planned trips are examples of iQarning activities, Sometimes instruc- 
tional objectives can be attained with the learning activities already In use; more 
often J the establishment of objectives will indicate needed modifications. 

ResQurces are the matcriaisi personsj and facilities that enhance hat the 
learner derives from his school-sponsored activities. These must be iden: rted and 
used. Learning resources include printed matertals, knowledgeable people, films, 
recordings, and the various devices provided by the current educational tech- 
nology that can help the student learn what the objectives require. 

Imtructional mode or nwilweiohgy of learning relates to the way the 
activities and resources are ofganized* The learning mode may involve as little 
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OH the Nequence of chissroom and workbook activiiics, or as much as the pattern 
of condiiions and the sequence of events in a multimedia self-imiruciion pro- 
gram that includes proirammcd instruciionai materiaL group disciissions, and 
materials and devices for individual use. 

Learning efivlroftmeitt refers to the selling, Thi^ alwavs shoLild as 
conducwe as possible to learning within the conditions of the in.structionril ob^ 
jectives* A dafssroom. library, laboratory, study carreh or home environment may 
be appropriaie. 

EvahtaN'an invoives the means of asses?^ing student pertbrmance in line 
with the insiructional objectives, Wcll-deKigncd tests produce two very important 
results: they tell about the student's progress in meeting the object ves, and they 
yield data for upgrading instruction. 

At this stage, the planned curriculum or, more likely, the organized course 
is ready to be presented to the students. When it k first ofTcred. those who arc 
teaching it should keep a sharp eye out to learn how successfully the objeetivcs 
are achieved. Feedback from tests will be more important for what it rcvcnls 
about the instruction than for what it discloses about the student. For instance, in 
group instruction, if the test results show that a large pcrccnlngc of students are 
not attaining a given objective, then that would he the signal for reviewing the 
objective and/or the instructionar steps used, and mnking adjustments. Such 
looping back^evalualing and revising on the basis of student achievement is 
essential to developing and maintaining a currculum that is both relovant and 
effective for students. 



APPROACHES TO IMPROVED CURRICULA 

The advantages of building curricula upon goals and objectives are being 
demonstrated today In a number of school systems. Jn some cases, specialists de- 
signed these curricula in generalized forms that could be adapted readily to 
various school systems. In other instances, skilled consultants helped develop 
the curricula for specific school systems. Another way to get such curricula is to 
train curriculum planners within a school system so that they can do the job 
for their local situation. 

Basing curricula on goals and objectives opens various approaches to 
student/school relationships. The following examples describe the use of goals 
and objectives in establishing individualized Instruction and in creating or modi- 
fying curricula for more conventionally organ iEed schools. 

IndividualizBd Instruction 

With the growing awareness of how students vary in their learning ability, 
individualized instruction is becoming more and more desirable* As far back as 
1954, the Learning Research and Developmehi Center at the University of 
Pittsburgh was setting the stage for what is now known as Individually Prescribed 
In^jtfuction (IPl). Research in programmed instruction and in learning rate, 
pacing, and individual differences of students marked the historical beginnings 
of IPL By the niid-I960^s, however, the effort had blossomed into a more com- 
prehensive study of how to design curricula for individualized instruction. 

At present, the process for developing the IPI curriculum has much in 
common with the curricular design strategy discussed above, The IPI curriculum, 
for instance, also leans heavily on Instructional objectives; real-world inputs for 
the original design and for subsequent revision arc supplied by subject-matter 
experts and commercial producers of instructional materials. The IPI system is 
extremely sensitive to both instructional and student needs, Both are assessed 
through tests or eonfercnices on nearly a daily basis to assure that Instruction is 
tailored to the individual student. Diagnostic tests disclose his needs as he enters 
a course of study, and his progress in the cours^: is monitored eanstantly. Un- 
accomplished objectives become the focus for further instruction* 

The instructional needs of an IPI course are built Into the scope anci 
sequence of the instructional objectives, Placemetit tests determine what instruc- 
tion a student or a group of studints need. The objectives in the IPI program 





ERlCi 



BATTELLE RESEARCH OUTLOOK 



guide the selection of instructioniij muteriaiji and the construction of both place- 
ment and diagnostic tests. 

Originully, I Pi courses depended heavily upon the avaiiable texts, work^ 
books; and other materials. Since then, materials tailored .pecifically to IPI have 
been developed, many of which arc obtainable comme-wially. 

In this individiiaiized environment, various methods or modes of learning 
are used, each selected with full awareness and ccnsideraiion of the objectives to 
be uccomplished. This procedure leuds to a vaTied and stimulutinM learning envi- 
ronment where motivation is typically hi-h. 

The instructionaUobJectives foun^U'on of the IPI curriculum facliltatcs 
evaluation of the student's performance. Each student's final or interim achieve^ 
nient is assessed by how he measurys up to the specifications crillcd out in the 
objectives. 

An interesting use of individualized instruction is being put to work in 
the Nova school system in Broward County. Florida. Nova employs nmny of the 
curriculum design principles discussed previously, but approaches them some^ 
what dinrerently. Its overriding goal is to provide county residents with a high- 
qualiiy education from kindergarten through Ph.D. on one campus. 

Three rules guide Novas curriculum development: (I) the instructional 
system makes sure that the learner knows what he is to learn/ (2) it keeps a 
watchful eye on his progress and guides him when he needs help, and (3) it 
furnishes him niany learning materials and suggested learning methods. 

Nova works toward its long-range goal by applying its curriculunxdevel^ 
opment rules through '^Learning Activity Packages" (LAP'sJ. these are instruc-^ 
tional packages that are based on agreed upon objectives, designed to guide 
individual learning. New LAP'S are written usually as a result of real-world inputs 
in the form of a timely social consideration, a new vocational specialty, or the 
growth of a new field of interest (for example, pollution). Each LAP specifies the 
instructional needs it serves. It accomplishes this by explainin| to the student 
(I) the background of the content covered, (2) the reason for selecting the con- 
lent, and (3) its possible future application. In this way, the LAP rationale tries 
to build relevancy into learning by uniting instructional need wth student need. 
After the student Is indoctrinated in the background and rationale, Nova assesses 
his initial abilities in the content. This nieasurement gives the student an index 
of his particular strengths and needs. Each LAP also specifies objectives, to let 
the Mudent know clearly what is exjsected of him, 

A typical LAP lists resourcei together with keyed learning activities that 
provide the basic framework for the learning that is to be done, by a variety of 
methods in various settings. The student is free to choose his own package, place, 
and time for study. In this way, he can make his curriculum individually relevant. 

Check points throughout the LAP let the student monitor his own 
progress. A final check is made by means of the LAP test. Thus, a" valid assess- 
nicnt of attainment is provided for the student and for the Nova testing center, 
and, having successfully completed one LAP, the student moves on to anothen 
As a result of the LAP, the Nova curriculum is inlereiling, individual, elTective, 
efTielent, and relevant. 

Improving Existing Curricula 

Few school systems are ready to throw over their established curricula in 
favor of entirely new ones. Nevertheless, there Is a widespread movement to 
adopt approaches that will enable schools to improve the content of their 
courses — to meet the rising demands upon graduates and to respond to the 
inCercsts of students. At the same time, attention is focused on introducing edu- 
cational methods that will lead to more eflfective learning, 

Where funds can be made availablCi of course, schools can call in special- 
ists to study the eohimunily^s needs, characteristici, and desires; the students' 
interests and capabilities; and the available resources, These specially trained 
people can recast the curriculum on the basis of goals and objectives, and then 
install the resulting curriculum in the schools. 

Another more gradual and less costly procedure can be followed; it 
involves training the schoors own personnel to carry out the task, Once the 
schools have the know-ho\^ and the supportive organiMtion to build curricula 
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' upon goals and objectives, they cnn perform the various mps for sfapting or 
revising any desired course from analyzing community diaracterisiics am. 
desires, through setting up objectives, to recasting the course, iticluding the Ioop= 
ing hack and reevaluation that are so essential to keeping curricula up with the 
iimes. 

The steps for modernizing curricula are well illustrated in n study thni 
Battelle-Columbus is conducting for some 90 Ohio school districts, In^Ohio. as 
clsowherc, the use of instructional goals and objectives In formiilating curricula 
began to get attention fairly recently, Not many people arc experienced in this 
method of building curriculn. The project started, therefore, with a scries of 
wort:shops for curriculum planners from various schools. Baiielle specialists 
guided the attendees though a thorough grounding in the philosophy and mcihods 
of education by instructional goals and objectives, and through various tasks in 
developing curricula on that basis. 

Part of the study also called for preparing, for all pariieipating schools, 
a step-by-step manual for creating curricula using goals and objectives. The 
resulting manual sets forth a readily workable procedure for tenchers who might 
be assigned to this task in their own schools. As such tasks arc undertaken, the 
process may be overseen by Battclle curriculum planners, who also may be called 
upon to evaluate the finished products. By this procedure, knowledgeable groups 
arc being created to carry on in each school system. 

In another program that was performed for the school systems of Pike, 
Lawrence, and Scioto Counties in Ohio, the goal was to revise science studies for 
Kindergarten through Grade 8. Battelle-Columbus curriculum planners trained 
^ the 30 members of the group to prepare a goal- and objectivc-orlGnted curricu^ 
lum, and guided the group In its survey of various existing curricula as a basis 
for ihe planned revision. With this guidance and with an evaluation of the final 
results, the group produced what appears to be a practicable and stimuiating 
curriculum. It will hove its pilot run this falL 

A related study of interest in the field of vocational training has been 
carried out in the State of Michigan, Since too often schools are turning out 
grnduatcs without enough training for the jobs available, Sattelle-CQlumbus 
conducted a program with two goals: (1) to reduce the discrepancies between 
the skills required by employers and those produced by existing curricula, and 
(2) to develop a methodology for enabling schools to keep such discrepancies 
small 

Ten occupations were picked for Investigation in three communiiles: 
Detroit, representative of a large city; Grand Rapids, of a medium-sized city; and 
Mt^ Pleasant, of a smail community. The occupations — construction carpenter 
and construction electrician are two examples ^ — were chosen because of their 
relation to Michigan's economic growth and because appropriate training can 
be provided by vocational educational institutions. 

The study began by obtaining information, from selected companies of 
variotjs types and sizes, about the knowledge and skills required from persons 
entering the various jobs. When all information was in hand, the job requirements 
were compared with the skills and knowledge provided by existing curricula. 
Discrepancies were identifiedi and then Battelle curriculum planners formulated 
recommendations for changes in curricula that would enable students to acquire 
the skills and knowledge they need in order to obtain and handle such Jobs 
successfully. 

In summary, the use of instructional goals and objectives as a basis for 
better curricula unquestionably would help satisfy the two critical demands on 
educational systems, namely, that they operate with much higher emciency and 
effectiveness, and that they offer programs that relate directly to student's Immedi^ 
ate .^nd future needs. Instruction can be made more relevant to the student by 
gearing his learning steps to an empirically determined set of critical skills and 
knowledge, and by giving him continuing opportunities to select his own instruc- 
tional objectives, learning activities, and resources. EfTective curricula, on the 
other handj can be obtained readily by employing challenging goals with precise 
objectives, backed up by continuous and rigorous evakmtlon of the course of 
study, Although the design and development of proper curricula constitute an 
arduous task, wc bDlleve that the benents to be derived justify the elTort expended* 
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APPRAISING Tf ACH£^ PERTORMANCE 

by Dennis McFaclde^ ami E, Allen Schenck .. - ' . 



T 

Xt all iiinges on the teacher, In the last analysis, what 
make.s ihc difrercnce in education k how the teacher docs hh 
job. In his hands lie the realization of the goals and objectives 
for which youngHtcrs go to bchobl and' the public pays. The 
administraiion, the money, the buildings, the materials^ and 
every thing else in the school system arc there to give the 
icachcr the space, means, and time (o teach elTectively, 

Since the teacher k so critical to the educational pro- 
cess, it is essential for school manayemcnt to know what he 
is diing and how well. If Homcthing is going poorly in the 
classroom, *5chool managenient is responsible to kriow ii and 
to correct ii, Jf soniething is going particularly wclL manage- 
meni must give it every encouragement to continue, and, if 
possible, to grow. 

As a result, most school adniinistrators find it neces- 
sary 10 adopt a progi am of appraising each teacher — to learn 
about his^ performance and to evaluate it on the basis of given 
standards. Appraisal is supposed to provide a continuous chebk 
on the strengths and weaknesses of the lencher: thus, manage- 
ment can take appropriute steps to maintain the quality level 
of instruction if and when any action is needed. 

Teachers, on the other hand, generally don*t like ap- 
praisal. They suspect any measure designed to assess the 
quality of their teaching, and often oppose appraisal pro- 
grams. This is far from simple obstructionism: teachers recog- 
nize the administration's need to know. But, teachers have 
quite a stake in appraisal, too! The results are the major basis 
for promotions, pay raises, and, of course, dismissals. Their 
careers are in the appraiser's hands, If teachers are to submit 
to an appraisal of their performance, they have every right 
to make sure that the criteria and method of assessment that 
are used produce credible results. ^ 

This is the point at issue, credibility. Teachers say: 
( 1 ) that the standards for evaluating what is effective teaching 
arc too vague and ambiguous to be worth anything, (2) that 
current appraisaLtechniques fall far short of collecting Infor- 
mation that truly characterizes their performance, and (3) 
that the ultimate rating depends too much on the appraiser 
As a result, teachers see nothing to be gained from appraisal. 
In fact, they have become convinced that present-day appraisal 
practice docs more to interfere with the pfofessional spirit 
of quality teaching than to nurture it. 

Because of these divergent views, appraisal has become 
aJ fundamental isRuo that has raised a wall between school 
managemeht and teachers. Administrators are frustrated in 
getting what they believe is needed informutlon. Teacher job 
anxiety increases. The situation has reached the point where 
more and more teacher organizations want to treat appraisal 
as u negotiable contract item. If the situation persists^ quality 
education, and thus all of us, will be the loser, 

The authors and their Battelle-Columbus colleagues 
have wrestled with this problem of teacher appraisal, looking 
for an answer that will satisfy both school management's needs 
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and teachers* objections. Present appraisal practices has'e been 
analyzed critically. Dozens of school administratois and hun- 
dreds of teachers have been interviewed. The literature on 
learning theory, educational measurement, and child develop- 
rnent has been studied, and specialists in these fields have been 
consulted. On this broad base, a method of appraising teuehers 
has been developed that provides useful, constructive, valid 
informoiion to school management on a continuing basis, 
and circumvents most of the factors that have disturbed the 
teachers. 



PROBLEMS OF APPRAISAL PRACTICE TODAY 

To get firmly in mind the direction in which appraisal 
should go and what should be avoided, we began our work 
by investigating current practice, including appraisal goals, , 
standards for measuring teacher efTectiveness, and procedures 
for carrying out the appraisaL 

The Goals of Appraisal 

Gcneraliyj appraisal is meant to be a quality control 
measure for maintaining high standards of teaching in the 
classroom. However, as commonly practiced, it servos loo 
often as the basis for ranking teachers relative to merit pay, 
promotion, or dismissal — in renection of someone's judg- 
ments of their teaching performance. School management, 
then, is judge and jury, acting on testimony supplied by an 
appraiser. The teacher can do little to rebut this testimony. In- 
deed, a teacher k in a spot much like that of an apprentice 
auditioning for a job as target for a knife thrower. The judg- 
nieni^ are the knives. If the appraiser is expert, the teacher 
will be neatly proflled; but, if the appraiser is not so expert — > 
well, small wonder that teachers dread appfaisal. 

In any case, such an approach to appraisal gives no 
basis for constructive action. If appraisal is used only to rank 
teachers and to administer reward or punishment, it rarely 
changes anythin|. The proper goal of appraisal is not only to 
recognize quality, but, more importantly, to increase it. 

Appraisal can be used as a foundation for the profes- 
sional divelopment of the teaching staff. It can not only provide 
a critique of a teacher's performancei but also guide actions to 
improve it. Appraisal can thus be positive and progressive, 
rather than negative and static. Moreover, when teachers see 
appraisal in this light, they are bound to lose their fear and to 
recognize and accept appraisal as a measure UHCful to them as 
well as to school management, 

In line with this thinking, the first step in developing 
an acceptable prograrki of appraisal was to set as a primory goal 
for appraisal • to esiahlisli a loiimUuion for a prografn of projus^ 
sional development for indlvidiml staff members. Achieving 
this goal meant that the criteria for good teaching must .^bo 
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clear, definite, and objective enough to serve as cfTcctivc job 
turgcts. Moreover, the methods used to identify teacher 
strengths and v^cakncsscs must be accurate, and they must be 
acceptable to teachers. With this primary goal in mind, present- 
day standards and methods of appraisal were examined. 

Current Standards of EffBcim Teaching 

In spite of the considerablo research in this area, our 
study revealed little of value on appraisal aimed at individuul 
staff development. Further, teacher complaints about vague-^ 
ncss and ambiguity of standards turned out to be all too valid. 

VVbrk on standards of appraisal has tended to focus 
on teachers^ traits, Many of 'the research studies isolated such 
traits as understandingv cooperaiiori. creativity, iniclligence. or 
"has positive attitudes toward students," But the fcporis ne- 
glected to say what teachers r/o when they possess these admir- 
ablc traits. Such findings are almosc useless for identifying 
appraisable components of efTective teaching. Since the traits are 
vague, evaluating them in terms of their efTects upon student 
learning and adaptation to the culture is virtuaily impossible. 

With such hazy standards, even the best appraiser is 
hard pressed to be objective: he is forced to rely on his own 
Interpretation of what these characteristics mean in practice. 
The uncertainty of the appraiser's interpretation compounds 
the uncertainty of the standards themselves. 

' The methods by which the standards have been put to-^ 
gether also are dubious. Most investigators have tended to rely 
on the thinking of students and supervisors. Admittedly, such 
inputs arc important. Yet nobody can know more about good 
teaching than effective teachers; why should their views be so 
largily ignored? Moreover, the sources of information have 
not been tapped adequately, and not enough detail has been 
provided for judging the credibility of the information 
obtained. 

Investigators have given little attention to what is known 
about the course of human developnient. The cqntributions 
thai developmental and lear=iing psychology can make to the 
establishment of credible ttundards have not been exploited 
fully — u serious omission, rhose sources can help identity 
types of teacher activities that arc linked directly to student 
learning. 

Finally, many of the research people in this area seem 
to assiini^ that anyone who can teach can measure the results 
of teaching and, what's more, can use these measurements in 
a constructivi? way to improve learning. This assumption is 
doubtfuL Teachers mu.^t assign grades, recommend promo^ 
tions, and judge students high or low in many respects, but 
present standards of effective teaching provide little or no 
guidance In this function. 



Gencrnlly, teachers are appraised by mniching their 
performance against a standurd Dbi^ervutional rating scale. The 
appruiser observes the teacher at work in the classroom some 
randomly scheduled number of times. He rates the teacher 
numerically from 1 to 5 for each characteristic listed on his 
form; the sum of th^se scores is the teacher\s rating. 

It has already been noted that these charactcrisiics are 
not clearly defined, that the best appraiser has a hard time 
assessing them objectively, and that such a rating does liiilQ or 
nothing to foster improved teaching. But these facts don't 
give the whole story. This kind of procedure adds problems 
of its own that further reduce the credibility of the appraisal. 

■ First, consider the efTeci of the appraiser's presence 
in the classroom. Teachers often act quite difTerently under the 
eye of the appraiser than they do in his absence. It takes litde 
imagination to visualize how harrowing this situation can be. 
The best teachers can be nervous or defensive under the 
appraiser's eye, and their performance is likely to suffer 
accordingly. 

Next is the problem of sampling. Typically, an obser^ 
vation schedule calls for not more than 3 classroom visits a 
year. These aren't enough to put into proper perspective the 
nurmal ups and downs that am characteristic of even the 
steadiest performers. Perhaps more importantly, with so few 
observafions, many relevant teaching skills and learning situa- 
tions will go unnoticed, even though these may be routine in 
the teacher's work. A teacher might well be observed to follow 
practices that should be improved, while those reflecting his 
skill arc missed. With such scattered sampling, a teacher might 
be rated as efTective, but he has to be lucky! 

To make matters worse, the teacher often has little or 
no opportunity to discuss the appraiser's judgments. In many 
school districts the results of appraisal are not disclosed to the 
teacher. Not only may he be subjected to an authoritarian and 
subjective appraisai, but, to top it off, when the appraisal is 
Gbmpleted, the teacher may have no idea where he stands. 
Such a practice puts the appraiser in a diffleult position, too. 
With the assessment entirely In his hands, the appraiser must 
put together inadequate observation and vague standards to 
come up with what might well be the only opinion of record 
on the teacher's performance. A conscientious appraiscr should 
balk at this situation as much as a teacher. The current system 
gives the appraiser every chance to make a serious mistake, but 
little chance to correct it. 

' . Finally, what is' ieft to be said for the ratings thcn?^ 
selves? A product of disputable standards, subjective opinion, 
and insulUclent observation, such ratings can scarcely be con- 
sidered fair or helpful to teachers and, unfortunately, they can 
be of liule use to school management, either. 



Current Apprmal ProcBdurm 

Teachers have complained that the procedures for ap- 
praisal f^ll far short of truly informing the administration 
about their performance. The Battelle investigation confirms 
their misgivings* 
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A NEW APPROACH TO TEACHING APPRAISAL 

Our study of eurrent practice left no doubt but that a 
workable system of teacher appraisal would have to be built 
from scratch. What Is being done today is useful primarily In 
showing what to avoid, In evolving a new approach to 
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appraisal, the rkttellc-Columbus investigators kept one goal 
clearly before them: the appraL^al system has to serve as un 
instrument for upgradin| the stafT professionally. To achieve 
this end, throo major elements were invesiigotedj as described 
in the following: 

L Defininy effective teachinM^ Past efforts to put to- 
gelhGr rneaningful standards for assessing clTective teaching 
had missed the boat because coverage of information sources 
was spotty and it Ignored contributions from the most relevant 
sources — successfu! teachers and knowledge fenerated by 
selected educational psychologists," Exploiting these sources 
was considered essential to building a good appraisal system. 

It was also important to avoid the vaguensss of exist- 
ing standards. The most explicit statements of cfTcciivc teach- 
ing were sought. For this reason, critical teaching incidents^ 
i,e., teacher-inspired events that have a significant impact on 
student learning, were colleeied to serve as an information base. 
Using these as the bases for the standards averted the uncer= 



tainiies tied to defining teaching quality in terms of intellectual 
abilities and personality traits. 

About 800 usable incidents were supplied by some 465 
teachfirs. These teaGhers were recommended as '"best" by the 
administrators in the 94 Ohio school disiricts sponsoring the 
study. The incidents furnished a weahh of information about 
critical teacher action, and they opened our eyes to the true 
complexities of teaching. 

Educational psychologists specialised in learning the- 
ory, child development and educational measurement were 
asked to review the existing literature in their fields and to 
extract teaching principles that would be particularly useful 
in the classroom. The principles submitted were then evalu- 
ated on the basis of (\ jr tes{;. - (1) Are they adequately sup- 
ported by published psyci;vH^')4'ical and educational research? 
(2) Are they relevant to cia^srocm teaching? (3) Are they 
meaiiingful to teachers? (4) CujI iht extent of their use by a 
teacher be assessed objectively?' i> checking the principles 
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against the last three criima, a group of 30 leachcrs from 
among those who had served earlier provided assiJitance. 
vokmlarily. 

^2, Emihlhlun^ char, fneaninifjiil stamiards oj ,elJvc- 
live teachiny. The critical teaching incidents were examined 
and additional principles were extracted from them. At the 
same time, the critical incidents were matched with the prlr> 
cipleg to Horve as illustrations, Jn those rare cases where no 
illustration was available, a hypothetical incident was created. 
The final produet of this effort was a list of 260 teaching prin- 
ciples, each illustrated by one or more critical incidents, 

The list was checked with the 30 teachers. Unless a 
large majority agreed that a principle was clear and relevant, 
and that its associated incident was pertinent and credible, both 
were tosied out. Two examples of principles and incidents are 
shown on the previouH page. 

The final list contained 241 principles. To lend co- 
herence to this list, the principles were grouped into 20 cate- 
gories, and the categories Into 4 teacher roles: Instruction 
leader, social leaderp promoter of healthy emotional growth, 
and communicator with parents and colleagues. Some ex- 
amples of categories are: under instructionul leader, the 
teacher individualizes instrucUon where appropriate; under 
social leader, the teacher establishes a democratic classroom 
atmosphere; and under promoter of healthy emotional growth, 
the teacher reduces disabling levels of anxiety. Under the role 
of communicfltor with parents and colleagues, there is only one 
category! the teacher communicates information and sugges- 
tions to parents and colleagues about the intellectual, social, / 
and emotional development of his students. 

Having established standards of teaching enectiveness 
that we felt teachers could believe in and that could be ap- 
plied objectively, we tackled the problem of appraisal pro- 
cedures next, 

3, Evolving a method for selHippmimt. If teachers are 
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evaluated mainly by professional appraisers, there seems to be 
no easy way to get around the problenis of authoritarianism 
and inadequate observaiion. However, why not allow the per- 
mn who is being appraised to identify his own areas of weak- 
ness? Self-appraisal not only would encourage the teacher to 
take steps to improve himself professionally, but also would 
eliminate the discomfort and/or embarrassment associated 
with having to listen to potentially unfavorable comments 
from someone else^ the outside appraiser. 

For these reasons, the principles of eflective teaching 
and their ilkislrations were organized Into a sel^appra^sa! in- 
strument. This has three main features: a scale that the teacher 
uses in rating the relevance of each principle; a scale that the 
teacher uses in rating his own performance relative to each 
principle; and a summary rating that the teacher provides for 
his own performance relative to each category of principles. 

it is essential to have the teacher rate the importance 
of each principle, since its sigiiiiicance will vary from situation 
to .situation, depending on the age of his siudents, the subject 
taught, the school objectives, or other factors. Consequently^ 
before appraising himself, the teacher is called upon id appraise 
each principle, i,e,, to determine its relevance to his situation. 

Next, the teacher rates himself on each principle. Then, 
weighting his rating on the basis of the importance he has as- 
signed to the principles^ he compuies a total or summary rat- 
ing on each category. These he charts on a profile blank, which 
shows his appraisal of himself as against the highest level of 
performance ;he can achieve in each category. This procedure 
will be enlightening for the individual; but, it will d scouragc 
comparisons, since each teacher is likely to assign a difrerent 
relevance value to the various principles and categories. 

Here are the guidelines for using the new system: 

L 77ie ieachet perfonm sclf^apprmml us outlined 

above. 

2. 77/e outside appraiser is broit^ht In to sen^e m ml- 



vimr. Having completed the self-appraisal process, the teacher 
meeiH with the professional appraiser for the first time. In a 
meeting asvay from the classroom, they discuss and review the 
areas requiring improvement as tentatively identified by the 
teacher. Since the focus is on the perforniance and not on the 
personality of the teacher, the conferences are likely to be 
friendly, comfortable, and nonthreatening. Ideally, the ap- 
praiser will make suggestions that seem appropriate in helping 
the teacher "select goals and establish priorities for improve- 
ment; he is not to dictate to the teacher. Success depehds on 
relaxed face-^io-face communication, with mutual confidence 
in each other's integrity and motives, and with each sharing in 
the decision-making and problem-solving. If a meaningful dia- 
logue is maintained, a sense of personal achievement, a feeling 
of job fulfillment, and high morale will prevail This would 
contrast sharply with the net efTect of appraisal as it is per- 
formed these days, and would enhance the teacher^s apprecia- 
tion of appraisal as an authentic measure taken io aid him in 
his professional growth. 

3> The appraisers cicmrootn observations are used to 
provide furiher and direvtion. Contrary to current prac- 

tice, observation by the outside appraiser should be scheduled 
so that it can do the most good— by shedding light on those 
specific areas where problems exist and the need for improve^ 
ment has been identified, Teacher and appraiser, by laying out 
the schedule of observations together,: can bring problems into 
sharper focus and define directions for improvement more effi- 
ciently. Under these conditions, the appraiser will probably 
spend most of his cbservaiion time with new teachers or with 
those who have special difficulties, 

4. The appraiser consults with the teacher periodically 
to check his prpgrem Teacher and appraiser should work to- 
gether during the school year to analyse progress and perhaps 
to work on brush-fire problems as they arise. A final conference 
near the end of the year should identify new areas to be worked 
on in the coming year, and might even develop a summer pro- 
gram for improvement, 

A FINAL WORD 

What has been described here is the prototype of a 
practical system for appraising teacher performance, It satis- 
fies the needs of management by providing a real check on the 
strengths and weaknesses of teachers and a mechanism for con- 
linually improving their performance, At the same time, the 
system eliminates the elements in current appraisal practice 
that distress teachers and create rifts between them and school 
management, 

In addition to furnishing a solution to what can be an 
embittering situation, this approach is quite workable and 
creates no big adniinistrative problems. Howeverj the general 
scheme probably will need some further adjustment to iron 
out some roughness in its opiratlon, While the bases for ap- 
praisal as developed here are sounds the benefits of this method 
will increase as the principles of teaching effectivinesi and 
related critical incidents are refined as a result of more operat- 
ing experience. 
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PPBS: 
PLANNING 
FOR SCHOOLS 
OF THE 
FUTURE 

by Gerald Rohinson ' 
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.ANY SCIIUOL SVSTKMS FACli CRIShS 

in the l97Us, 'Icaehers deinam! higher 
suluries and more voice in decisioriK, Stu- 
ikim pwtm for more frcLHllini and tor 
rcprescniation in CLirricLilLini planning. 
Minorities seek local corurnj of ihclr 
school^: ihey believe ihat they can edu- 
cate their children heiter thun the estab- 
lished sysieiii can, School requesis tor 
funds are geiting cliilly recepiions; de- 
feats of school bond issues have in- 
creased 70 percent in the last 5 \cars. 
Deep, far-reaching changeH arc called ror. 

How will schools nianage these 
changes wiiliout being eripplcdV Solving 
problems of such scope and magnitude 
calls lor skillful planning and aggressive 
methods for putting plans into action. 
Planning today niust look beyond the 
next year. School udministrators must 
plan sviih vision that is broad enough to 
cncompuss all aspects of the system. 
Above alU they need to set a positive di- 
rection with long-tcrni goals and care- 
fully specifled objectives that will serve 
us steps to those gouis, 

Budgeting will be part of this planning 
for change. A budget should represent 
a means for using funds to reach goals 
and objectives. It's not enough jusi lo 
generate a list showing the cost of sal- 
aries, textbooks* maintenance, and other 
inputs to the school system. Who can 
tell from such a budget what the spend- 
ing will acconiplish? Good planning calls 
for consideration of outputs — what can 
be gained from various expenditures^ — 
before funds are budgeted. Committing 
funds now for new buildings, textbooks, 
V courses of study, and the like can afTect 
educational programs for years ahead. 
The school administrator who plans for 
only one year at a time leaves himself 
with little leeway to consider alternatives 
in the future — he spends himself into a 
corner. Long-range planning, on the 
other hand, puts him in a position where 
he can pick from a wider range of alter- 
nativeSj some of which have long lead 
times. 

Finally, planning must provide for 
feedback so that better plans can be laid 
next year and the years after. If budget 
aUocations merely take care of rising 
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costs, no real planning is bting done, Jt 
k much more imporiant to make sure 
that desirflblc, but irouhled, progranis 
arc sircngihcnud eflTecnvely and go! the 
funds needed lo bolster them. Certainly 
funds nuist be ^pcnt for those efTort!i 
that will benefit the whole ss'stcm most. 
Today; few schools are equipped to 
plan iidequately, The kind of compre- 
hensive planning outlined here calls for 
a systeni. Many educaiojs hope that 
planning systems that have succeeded 
in industry and government will serve 
school man age men I. loo. Of those meth- 
ods that now arc under discussion, PPBS 
( Planning-Prograniming-IBiidgeting Sys- 
tem) seems to have generated the great- 
est interest. PPBS was first applied in the 
early 1960s In the U.S. Department of 
Defense although its roois go back much 
curlier. Currently, a numher of ^ehool 
districts and educational agencies arc 
working to adapt it to school systems. 
Let*s look at what PPBS is and how it 
applies, 

7 STEPS TO GOOD PLANNING 

The key clement In PPBS is "plan- 
ning'*. Basically, PPBS is a systems ap- 
proach to planning that considers the 
costs and the consequences of using var- 
ious alternatives, or options, in order to 
achieve the desired goals and objectives. 
To accomplish a school system*s stated 
purposes, PPBS breaks down the total 
effort into programs, which combine re- 
lated activities and resources to attain 
clearly stated objectives. 

Budgeting in PPBS is output-oriented 
rather than input-oriented. This rneans 
that instead of just setting aside certain 
funds for teacher salarlesj tcxtbookSi 
building maintenance, and other goods 
and services, spending is pianned on the 
basis of the results it will buy — a better 
driver training program, a more effective 
matheniatics program, or a more respon^ 
sive communications program. Bnttelle- 
Columbus and other specialists in PPBS 
are generally convinced that this plan- 
ning method will Improve the Qverajl 
operations of a school system. How* 
ever, it*s not easy to set up a completely 
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operable PPBS. This system is best 
adopted in siQps, some of which may be 
expensive. Among the requirements for 
applying PPBS are: (I) clearly defined 
autiigrity or*! responsibility; (2) recogni- 
tion by administrators and teachers that 
considerable effort will be required from 
them; and (3) collection and analysis of 
substantial amounts of data. PPBS is not 
a programmed system to be bought off a 
shelf and used like many other tools. It 
is a systematic^ rational way of planning 
and administering that must be learned. 

PPBS should be considered as a re- 
placement for planning methods that 
don't do the job needed. It's not a cost- 
cutting tool, per se. Rather, it offers a 
way of improving a school system s abil- 
ity to reach its objectives within its lim- 
ited resources. PPBS doesn't replace 
judgment; it encourages more effective 
use of judgment. Best of all, it can in- 
crease the effectiveness of any organiza- 
tion whose major concern is human 
valueSj by building these values into the 
goals and objectives of the organization. 

What's involved in employing PPBS? 
For a school system, .these are the basic 
steps; 

1. Develop broad goals and objec- 
tives. 

2. Design a program structure, 

3. Define objectives for each program 
— including the menns for measur- 
ing or indicating program effective- 
ness, 

4. Identify or design alternative ap- 
proaches for attaining program 
objectives, 

5. Make cost-effectiveness analyses of 
the alternative approaches for each 
program. 

6. Select the best approach for attain- 
ing program objective.^ and alloeate 
funds. 

7. Evaluate the resuits of operating 
each program and provide feed- 
back to the planning process. 

If PPBS is to work well, these steps 
have to be retraced, to some extent, each 
yean For the first three Jitcps, lt*s mainly 
a matter of checking to see if any changes 
of direction are needed each year. The 
last four steps require more incisive re^ 
view. For each, one major question must 
be answered: Arc all of the involved ele- 
ments still pertinent to current 
operutions? 

Adopting PPBS alio make.^ other de- 
mands. Program budgets must be pre*. 



pared for the upcoming year, and a 
long-range plan niusi be drawn up to 
project flnancinl and other needs for 
several years. Finally* administrative 
structures and procedures must be 
organized. 

The seven steps above outline the ma- 
jor efforts involved in instituting a com- 
plete PPBS from scratch, as a newly 
formed school district might. However, 
an established district might well ap- 
proach PPBS by taking just a few pro- 
grams and applying Steps 3 through 7, 
After gaining experience with these indi- 
vidual progranis, It might extend PPBS 
into other ones and also implement Steps 
I and 2 for the entire school system. 
Such gradual adoption often is pruderit; 
it allows PPBS to be established smoothly 
and perniits the staff to be trained at a 
rate that keeps pace with the changes 
made. Each school district has to decide 
how best to apply PPBS, There is no one 
optimum way of putting it into practice. 

Deve/op Goals and Obj&ct'ms 

As discussed here in earlier articlcSj 
goals are broad general statements of a 
school system's long-range purposes. 
Goals are not quantifiable; they tend to 
be Idealistic, and serve as a guide and in- 
spiration for the school system's person- ' 
nel and activities, All groups involved in 
and with the system should help set the 
goals to be sure that they reflect the 
overall needs and interests, and that they 
express the broad purposes of the sys- 
tem in terms that point the way to ulti- 
mate' accomplishment. Goals must be 
relevant — not merely glittering general- 
ities to distract people while the system 
goes off in other direetions. 

Objectives^ on the other hand, are 
more specific statements that relate to 
shorter-term, attainable ends; they repre- 
sent planned steps to be taken to achieve 
the set goals. They should be drawn up 
with the full participation of all con^ 
cerned groups, Typical objectives would 
be: to reduce the dropout rate of a high 
school to a specified percentage, or to 
jncreaie the average student score to a 
specific level on a particular achievement 
test. 

Goals, thenj ultiniately shape the con^ 
tent of the curriculum, .standards for the 
teaching staff, priorities for expenditurest 
and other matters so that the school sys- 
tem moves in the desired direction, Ob- 
jectives must bo carefully set to ensure 
the attainment of those goals, 
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THE PLANNING-PROGRAMMING-BUDGETING SYSTEM (PPBS) IN THE MANAGEMENT CYCLE OF SCHOOLS 



PPBS. Sinp 1 : Develop Broad 
Goals and Ohjc?ctivGS 



PPSS, Step 2: Design 
Program Structuro 



PPBS, Siin.) 2. nt'tinr- Dbji. 
tivu& fur C.ich Pi uiiiu^n 




PLANNilNG^ 
PURCHASING^ 

MATH 
ENGLISHZ^ 
■BETC,^ 

TRANSPORTATION^ 
FOOD SERVICE^ 
ETa^ 




Des/gn the Program Structure 

A pfogram is a collection of activitigs 
and resources that contribute to the 
accomplishnient of specified goals and 
objectives, A program structure, in the 
terminology of PPBS, is the organized 
listing of the titles of all the programs 
that comprise theschoors total activities. 

In designing the program structure, 
the planner determines the programs that 
will be needed to fulfill the broad goals 
and objectives, and he organizes the titles 
of these programs into an integrated 
structure. Related programs often are 
grouped into three major areas: 

1. Instructional — e.g., English, math- 
" ematics, and kindergarten, 

2. Administrative ~e,g,, central ad- 
^ ministration, planning and re- 
search, and purchasing. 

3. Service — e,g,, student transporta' 
tion, food services, and building 
maintenance. 

The program structure makes It pos- 
sible to accomplish a number of things 
that are essential to applying PPBS. First 
and foremost, it classifies the many, 
varied activities of a school system into 
clearly identified programs that help at- 
tain specific objectives, Second, it pro- 
vides a coherent basis for ultimately 
examining all of the programs and for 
allocating funds to each, It enables man- 
agement to group activities and associ» 



uted expenditures, so that the funding for 
progrums can be tied to cfTcctivencss in 
achieving the objectives. Third, it lacili- 
tatcs the assignment of responsibility for 
a particular program to a Hpecific person 
or orgunizational entity. 

When PPBS has been adopted for an 
entire school system, all of the system's 
activities and resources are intermeshcd 
and pointed toward pursuing its broad 
goals and objectives, Howcvei:. when 
some programs have not been organized 
on a PPBS basis^ these must be distin- 
guished clearly in the planning/budget- 
ing process to ensure that they get ade- 
quate consideration. 



Define Each Program's ObjectivBs 

Here, the focus shifts from the inte- 
grated program structure to the individ- 
ual programs. This step begins by setting 
up the program objectives^ including the 
level of performance the programs will 
shoot for. 

Posing and answering four questions 
can assist in defining program object i\'es. 
The questions and typical anssvers based 
on a driver training program arc these; 

1 , What are the goals of ihe progi ain? 
To train a'l students to drive cars 
safely and not be a menace to 
others* 



ERIC 



2, How is ihi^ c0eciiveness of ihe pro- 
strain !n he nwasitred? By deter- 
mining the percentage of smdents 
who pass the state driving icst on 
the first try and the proportion of 
graduates who have been cited for 
iranic violations over n certain 
period. 

3, What level of effeciivvncsx should 
he sought? To have at least &5 per- 
cent of the students pass the slate 
driving test on the first try, and to 
have the rate at which graduates 
are cited for tranic violations dur- 
ing their first licensed year be no 
more than half the rate for the 
local driving population. 

4 , Wh a t const fain ts are I ik ely to liin it 
program effectiveness? Perhaps a 
limited number of instructors or of 
cars, which, in turn, would restrict 
the amount of training that could 
be given to each student. 

The relevant objective might be stated, 
finally, as this; to provide driver training 
that assures that at least 95 percent of 
the students will pass the state driving 
test on the first attempt, and to train " 
drivers whose rate of violating trafiic 
regulations will be no more than half 
that of the local driving population. 

Always, the more, specific the measure 
of effectiveness, the more useful the ob- 
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Feedback to PPBS and Operations 



jective. However, since goals are riot 
quantiflablej there always wiil be doubts 
about how far we have moved to achieva 
a goai when we have attained a well- 
defined objective. The driver training ex- 
am pie above represents a good objective ^ 
and we can be fairly confident thai the 
student who passes the test and seldom 
gets a ticket is a good driver. Neverthe- 
less, there is the possibility that the stu- 
dent hasn't learned to respect the tralTie 
laws; rather, that he has learned only to 
look out for the police. Judgment will 
always be necessary in assessing the 
achievemeht of goals; neither PPBS nor 
any other approach can do the evaluating 
autoniatically. 

Generate Alternative Approaches 

Once program objectives have been 
defined, the next step is to identify or 
design various possible approaches for 
implementing each program. This is 
where the success of PPBS depends on 
the planner^s ingenuity. Having a number 
of possible options does not, of course, 
guarantee anything, but it does give man- 
agement a chance to pick the best avail- 
able course of action. 

Here's an example of how alternative 
approaches may be generated. In Ohio, 
approved driver education courses must 
provide 36 hours of classroom instruc- 
tion, plus either 24 hours of in-ear train- 



ing or a Combination of 12 hours in a 
car and 12 hours in a driving sin.ulaton 
The following are some of the possible 
ways of handling the nonclassroom train- 
ing for a driver education program: 

• 24 hours in-car with certiflcated 
teacher 

• 24 hours in-car with commercial 
driver-training-school instructor 

• 24 hours ih=car with paraprofes- 
sional instructor 

• 12 hours in-car with certificated 
teacher and 12 hours of simulator 

• 12 hours in-car with commercial 
driver- training-school instructor 
and 12 hours of simulator 

• 12 hours in-car with paraprofes- 
sional staff instructor and 12 hours 
of simulator. 

Other possibilitias also might be con- 
sidered. For example, when permitted by 
law, in-car training could be conducted 
on a driving range. This would allow 
simultaneous use of a number of ca^, 
with a single instructor supervising the 
range. The student/teacher ratio would 
be increased, thereby reducing the costs 
for in-car training. 

Legal limitations, public attitudesj po- 
litical considerations, school policy, staff 
capabilities, available funds, and other 
factors must be considered carefully in 
dasi|nini altirnatiyes. Ingenuity and cre- 



ativity are essential in providing the best 
possible options from which to choose. 

AnalyzB Approaches /Select One 

Now, how does the planner pick the 
best way of Implementing each program? 
The systematic examination of the possi- 
ble courses of action for achieving pro- 
gram objectives is of major importance 
in applying PPBS. Feasibility, costs, and 
effectiveness must be given prime con- 
sideration in judging and in selecting 
from the alternatives; this process is 
called cost-effectiveness analysis. 

Analyzing the cost-effectiveness of 
possible courses of action can be a com- 
plicated task, requiring trained and skill- 
ful analysts. The process cannot begin 
until criteria have been set for evaluating 
the alternatives. If both cost and effec- 
tiveness are allowed to vary, comparing 
options becomes very complex and se- 
lection becomes largely a matter of judg- 
ment. Practically, the judging usually is 
done by setting either a tolerable cost or 
a desirable effectiveness level; than, the 
option that either (1) will achieve the 
most at the set cost or (2) will cost the 
least for the set level of effectiveness is 
picked as the best one. 

Suppose, however, that the adminis- 
trators haven't the data or experience of 
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ihcir own on which to base predictions 
of efrectivcness — n fruqucni case. NS'hut 
then? The most obvious step is lo usu 
spQciulists who are fumiliar with the 
various courses of action. Another n|> 
proach is to study data and reports on 
the experiences of other school systcnis. 
When these are used us a basis for the 
analysis, consideration nuist be piven to 
how a compa ruble prograni was con- 
ducted and to dilTerences in the stiitlents, 
teuchers, equipment, and other rcsuurees, 
Costs naliirally arc easier to predict 
than clTcctivcnesji because they rcHect 
resources used svhereas efTectiveness is 
based on resuhs achieved. For this rcu= 
son, there is likuly to be a tendency to 
base the assessment on set financial lini- 
its. The prediction of efTeciiveness often 
depends on subjective judgment. With 
experience, better techniques lor ussess- 
ing such subjective matters will evolve; 
until they do, such prcdiciion is a mutter 
for specialists. In any case, the last move 
in evaluating possible courses of action 
is to rank the alternatives on the basis 
of assigned values, so that the best option 
will stand out clearly. 

An increasingly promising way to pre- 
dict costs and elTcctivencss more pre- 
cisely is to use muthematicai models. 
Such models can be powerful tools once 
they have been validated. They can be 
used to calculaic output variables as a 
function of input and process variables, 
thereby aiding management in choosing 
eflFcciive and eflicient nlternatives. 

Cost-effectiveness analysis docs not 
make decisions. It does supply informa- 
tion that increases the dccision-ninker's 
knowledge, and it sharpens his judgment 
by reducing uncertainties. But other un- 
measurable factors must be considered 
— e,g,, political climate, community 
goalSj and economic conditions. Only 
the individual or group that ultimately is 




responsible for results — like the super- 
intendent or the board of education 
should make the final decisions. 

Evaluate Each Proiram's Results 

Though review or evaliuition of a pro- 
granrN operation is not always listed as a 
part oi PPUS, it is esscntiah It is this 
feature that makes PPBS responsive and 
nexiblc, Moreos'er. it must be done by 
the end ol' each planning period since it 
proviLles the feedback that is needed to 
udjust and improve goals, objectives, 
program structure, or the programs 
thenisclves tluring the next planning 
period. Without this review, manage- 
ment lacks effective control over 
operations. 

Management review and evaluation 
arc basically a matter of comparing 
actual results with the stated objectives. 
The results must be measured using the 
same standards thai were employed in 
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defining the objectives. If a prograitrs 
results are unsuiisfactory, either the pro- 
grani must be redesigned or the aspira- 
tions staled by the program objectives 
must be trimmed. S\'herevcr possible, 
manugement should exercise control of 
programs by evaluating ihem frequenily 
or coniinually, rather than only at the 
ciid of ihe planning CNcle, 



PPBS AND THE SCHOOLS 

PPBS is really only beginning to enter 
the school scene, Battelle^'olumbus spe- 
cialists reeently surveyed over 40 school 
districts ihroughout the nation that have 
started to use PPIiS. Although none of 
the 32 school districts thai returned com- 
pleted questionnaires is operating com- 
plctely under PPBS, several distrieis arc 
well on their way. 

The evolution of PPBS tor use by 
many school districts is moving forward. 
The Research Corporation of the Asso- 
ciation of School Business Oflicials is 
conducting a project lor the U.S. OHiee 
of Hducation. to develop a "program- 
plan ning-budgeting-^cvaluat ion system 
design" for local schools. Under a U.S. 
Oiricc of Education grant, the University 
of Pennsylvania has developed an 
education - planning - programming - 
budgeting system for the public schools 
of 6 counties in Pennsylvania, The Cali- 
fornia State Department of Education is 
sponsoring work on a conceptual PPBS 
design for California school districts. 
Buttellc-Columbus currently is investi- 
gating PPBS for 90 Ohio school districts; 
one district has joined with Battellc in a 
pilot study, and a number of other dis- 
tricts will participate through an advi- 
sory council. 

In spite of the problems associated 
with setting up PPBS, school systems arc 
expected to employ it increasingly in the 
years ahead. As the top people in school 
systems realize, management and plan- 
ning are difHcult at best. PPBS will not 
make these activities easy, but it Will 
make them more fruitful. With PPBS, 
school ieaders not only can plan more 
efTectively, but also can be much more 
successful in reaching the goals and 
objectives. 

As more schools turn to PPBS, ap- 
proaches to implementing it are expected 
to improve. Moreover, developments in 
such areas as learning theory, educa- 
tional indicators^ measurement tech- 
niques, organization theory, and predic- 
tive models will ease the rigors of 
implementation and increase the value of 
PPBS to the schools. 

BATTELLE RESEARCH OUTLOOK 



SCHOOL / COMMUNITY 

DIALOGUE 



hy Dlnnfu' Marx and Rohift J, MUsUHui 



ERIC 



.N TODAY'S HiGHLV COMPLEX, urban, and pliiraliHtic suciuly, 
the school's oficn arc immense organizaijonH representing suv- 
eral consolidated districts. The dnVH of small schools serving 
runil, homogeneous commLinities have passed. The managing 
of schools has moved from the hands of parent and inicresied 
citizen groups to the desks of professionals. The curriculum 
has advunced beyond ihc 3 R*s to iniensificd courses in science 
and mathematics, social studies, and vocational training. Like- 
wise, comnuinication between the school and the community 
has evolved from informal conversations at neighborhood 
gatherings and church socials to more formal modes, such as 
news media, PTA meetings, and lengthy annual reports pub- 
lished by the schools. 

The critical problems thrust upon our educational sys- 
tem, recently have awakened many educators to the urgency of 
a good school /com muni ty dialogue. Abruptly confronted by 
the public's growing disenchantment and concern with school 
practices and expenditures, educators are beginning to look 
seriously at their communication programs. 



TROUBLES IN COMMUNICATING 

School/community communications have two broad 
goals: (I) to make the community aware of the policies and 
practices of its schools and the reasons behind them, and (2) to 
determine the opinions and expectations of the community 
relative to education. 

As of now, it is rare for either goal to be achieved. Most 
educators realize that good school/community relations require 
good communication, but few have done anything about it. 
Hence, too frequently, lack of information about the schools 
has bred dissatisfaction in the conimunit)^ and lack of knowl- 
edge about conimuniiy composition and feelings has contrib- 
uted to poor planning by the schools. 

One of the most prevalent problems is that communi- 
cation between school and community has not been a two-way 
exchange. The current thinking on school/community commu- 
nication proposes that it is everyone's responsibility to estab- 
lish rapport among the home, the school, and the community. 
However, in practice, communication policies have been basi- 
cally a school managerial concern, with the .school administra- 
tor serving as the initiator and director. Most school districts 
have relied on a limited flow of selected information in one 
direction only — ^ihe school sending and the community receiv- 
ing. Too often the schools have transmitted only the informa- 
tion they wished the comniunity to have, with little regard for 
what the public really wanted or needed to know. Students' 
report cards are a good example, GraJes for achievement and 
marks for behavior are readily given out to parents. But the 
report cards seldom include explanations for these |rades and 
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marks. Parents who ask "Why?" often find that adminisinitive 
ears don't hear the question. 

Good communication means listening as well as talk^ 
ing. The schools should listen to how the community I'cels 
about its r^hools and what it expects from them. The responsi- 
bility for this dialogue does not belong entirely to the school: 
conununiiy leaders, parents, and other interested citizens must 
join in. Too otien, gossip, complaints, and other forms of 
public expression have not been iranslnted into construciive 
siaicnients, and conimunily lcadcv.s have not always extended 
theniHelvcs ellcctively to coordinnte needed comm unity action. 

Another major diniculty i*. thai, when the schools try to 
reach the community, their elTnrts frequently are spotty and 
unrealistic. The tendency is to QCt word to the public only dur- 
ing crises, such as last-minute aiiempls to pass tax levies, or 
once-a-year meetings to quell student proiesis or to resolve the 
parents' smoldering criticism of the schools. Beyond this, the 
schools tend to limit their niessages lo occasional rosy reports 
of how well everything is going. Such slipshod communication 
leaves fertile ground for public discontent, which often shows 
up in the defeat of tax or bond issues or in community pressure 
to oust school officials. If educators expect public support, they 
need to disseminate systematically the kind of information 
that pinpoints a schoors needs and weaknesses as well as its 
successes. 

Further, educators disagree on the need for communica- 
tion programs and on w^ho should implement them. Few schools 
have taken time to specify objectives for such programs, and 
even fewer have set up procedures to evaluate progress toward 
the objectives. Also, not many educators are familiar with pub- 
lic relations techniques and how to implement them. The com- 
munication programs that do exist rely on the efforts of various 
staff members, working informally and part time. Many ad- 
ministrators assign these duties to someone whose work load 
seems light — with little regard for the personality or skills 
needed. Fesv school systems have considered hiring a profes- 
sional full time. Further, most school administrators view 
communication materials and personnel as luxuries and seldom 
plan for them in school budgets. 

Likewise, educators' attempts to inform the community 
often have failed because they didn't communicate at th'i 
proper level of understanding or they didn't use the commu- 
nity's natural channels. Educators frequently have little insight 
into the composition of their community. They have not paid 
enough attendon to the various ethnic and soeioeconomic 
groups and to the different publics of the community, e.g,, par- 
ents, businessmen, and senior citizens. Too often it takes a crisis 
to make an educator realize that each group responds to and 
evaluates the school according to its own interests and needs. 

Finally, there has been a dearth of research on school/ 
community communigation. Most surveys of the community's 
desires and preferences or evaluations of communication efforts 
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have been done by unirQined pgrsonncl ai the local level. With- 
out the professional guiduncc required, these activiiics often 
have lacked the necessary mcthodolofiy. and thus ihc flndings 
and results have been, in the main, relatively useless, 

THE SCHOOL TALKS TO THE COMIVIUNITY 

The first fioal of school/community communication, to 
tell the community about the schools, can be achieved ih rough 
a number of approaches. All of ihcm require some expertise, 
at least for initial advice and guidance; but once formulated, 
the approaches can be implemented fairly easily by a local 
school district. 

Developing communication guidelines for both school 
and community is one approach that specialists in school/ 
community relations have found to be succcHsfuL This type 
of guide points the way for administrators, teachers, school 
boards J and communication staffs In regard to such factors as 
paths for communicating with various interest groups in the 
community, procedures for using ihc news media, and sug- 
gestions on how to handle crisis situations with the public in 
the event of communication breakdowns. Community leaders 
and interested citizens can also employ such a guide to learn 
how to communicate effectively with the schools, how to find 
iines of access to the decision-making process of school man- 
agementj how to move other publics in the community to- 
ward coordinated action in education, and the like. 

Another approach k to bring in a research team to 
appraise the current communication program and make recom- 
mendations for improvement. Such a team could examine 
where the program fits in ^^c^miy^enTe of things, what 
it hopes to accomplish^^^TOi^in|conS^l^rt^g^o is con- 
ducting it, and \^^Wiight achieve if resources an^^^^nnel 
were used di^^fitly. For example, one question the te^ 
specialists^^t ask is this: What channels of communicatio? 
are espj^ I y useful in this school district and is the district 



using them as cfTeetively as it might? The specialists might find 
out that 11 large district could employ the mass media to 
advantage, and they might suggest how 'the district niight ex- 
ploit, say, regular television programming. Or, they might focus 
vhe attention of a small district on person-io-person means of 
uommunicaiion such as ielephonc hours or open houses that 
would put the people of the community In direct contact with 
school adminisirniors. Recommendations of such teams could 
iHthcr point out possibilities or develop complete program out- 
lines, depending on what the school districts want. 

Workshops led by professionals provide another nieans 
of improving school/community dialogue. They lurnish col- 
lective opporiunities to exchange and generate ideas, informa- 
iion, and solutions to communication problems. Workshops 
can be organized either as part of the schoors in-service train- 
ing or as a special project sponsored by a local, regional, or 
national educational association. Such workshops or seminars 
usually instruct attendees in describing school policies and 
programs, and the reasons behind them, to the various publics 
in the community. Techniques are explained on how to com= 
munieate the school programs broadly enough so as to empha- 
size their importance to the entire community as well as to the 
specific publics. Training also can include how to convey u 
schoors financial needs to the community and how to publicize 
the rising cosv: of education using reports, meeungs, and the 
news media. Finally, such seminars can teach school ofTicials 
how to budget funds for communication, 

THE SCHOOL LISTENS 

If the school is keeping the commuhity informed of 
it,^ plans, needs, and activities, this is noteworthy; but, the 
school still may be doing only half a job. As we have em- 
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phasizgtK two-way comnninicaiion is c?sseniiaL and the school 
must givu equal attention to reali/^ing the second goul of schoo!/ 
commiiniiy communicatian; lo determine the community's 
opinions and expectations in regard to Its schools. 

In many wa\s, this second goal is tougher to uchicvc 
than the first. Getting rejiablu, reprcscntalivc information froni 
the community is a sophisticaied task, It calls for special iech= 
niques used HyHiumaticully by Iraincd coninuinicators. Pust 
cfTorts of school systems indicate clearly that; (11 some method 
of surveying the community is necessary, und (2) the method 
must he developed for and by the community, and musi bg 
tailored to satisfy the needs of .that communiiy. 

To perform this important task, the mechanism of 
comnumication between the community and the school must 
give information not only on broad goals, but also on more 
specific aspects of the educational system, that concern the 
various publics. Students and parents arc concerned about such 
matters as whether vocational training is to include jiist wood- 
working and home economics, or also the development of 
en try- level job skills that would qualify a student for work once 
he completes his formal education; whether driving courses are 
olTercd, graduates are readily nccepted by universities, lunch- 
room services are provided, or students are bussed; or what 
kinds of teachers are hired. Setting up means of getting com- 
nuiniiy views on all such questions is most important in shaping 
the school objectives and in formulating the programs. 

In this connection, Battelle=Columbus specialists are 
just completing the development of a survey method that is 
expected to tap these community views. This method is designed 
to accomplish two tasks: (!) to enable the people of the com- 
munity to Slate the goals and objectives that they want the 
schools to achieve, and {2} to tell school management how well 
or how poorly they think the schools are performing. 

Interviews of people representing the various publics In 
a number of Ohio conimunities provided several thousand 



staicmenis of svhut the people wanted and expected from their 
schools. Based on these siaienicnts, a survey instrument was 
devised. The goal statuments were cateyori^^ed aecordin^ to the 
school=relutcd areas that they touched on, and values and pri- 
orities for these statements were established using a scalinfi 
technique, Typical of the diversined areas thai the instrimiunl 
covers are questions^ relating to: the eli^nientary curriculum, 
financial support for schools, student discipline, vocationul 
education, duties of school board members, racial integration, 
and the role of state government. 

Each step in the preparation of the hUrvey instrument 
%vas taken with the help of people from the cooperating school 
districts. The widest possible participation was employed to 
assure that a representative array of viewpoints would be cov* 
ered. Populations were sampled in regi»rd to age, race, gco- 
graphicai location, occupation, income, education, religion, and 
size of family. In all, the community was approached four 
times: once for the collection of goal statements, twice during 
sorting and scaling of these statements, and final ly I or a deni- 
onstration pilot run of the sur%'cy. 

The survey instrument was constructed so that a schools 
administration, at will, can employ the whole imit or only parts 
of it, depending on the particular subject area or areas in 
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which the voice of the people is to be tupped, For example, if 
the school superintendent wishes lo assess public opinion re- 
giirdinM an impending bond issue, he cnn submit the finance 
portion of the survey form to the entire community or to a 
specific sector oi the people, arid thus get infurinaiion in that 
area only* 

Even the results obtained during ihe development of the 
survey instrument, particulaily the findings from ihe pilot run. 
will give school managemgni slgnificuni insight into the makeup 
of conimunity interests. This pilot run tells a lot ubuut how 
various groups in a community react to school policigs and 
practices. When interpreted in the light of what an adminis- 
trator know.? about the population composition of his school 
district, such data can help him estimate the kind of support 
he Can expect from various community groups. 

Although the Baiielle survey instrument is expected to 
serve most schaol districts as a basic tool for monitoring public 
opinion efFectively, it should not bo relied upon to provide the 
only input. Schools also should stay alert and sensitive to the 
voices of students, purents, community leaders, and citizens-ai- 
large, 



KEEP IN TOUCH 

To attack the problem, attack the cause, inadequate 
school/coinniunity communication is not the only cnmv of the 
prublems that beset schools today, but it certainly is one of 
them. Moreover, it is a situation that must be corrected before 
other causes can be attacked cfTectively, 

Schools need help in establishing elTective communica- 
tion programs or in upgrading their ciirrent nnos. Behavioral 
scientists have addressed themselves to the problem and have 
worked out a variety of approaches; the Battelle survey instru= 
ment is one example of their eiroris. 

The need for commimiiies and schools to imlte their 
resources and efforts toward achieving the best in school/ 
community communication is a challenge and an opportunity 
for contemporary society. Educational problems, like other 
social problemi, are best solved by people working together, 
with each participant contributing his creative ideas, profes- 
sional knowledge, and perional efToris, To communicate is to 
share oneself with another, leading to mutual undersiandinii 
and ultimately to the cooperative solution of shafcd problems, 



FOR FURTHER READING 

The literature on education is vast and iomi 
of the clasiies were writtsn a Cintury or more 
ago. Educators who are interested in updaflni 
schools can liarn from the Amarican classic 
Otmocracy and Iducition by John Dewey (Mac^ 
mlllan, 1916). It advocatei children learning to 
work together in preparing for citizenihlp and 
teachers gLiciing them by promotirtg cooperative 
inquiry. Neil Postman and Charles Weingartner's 
Teaching as a Subvirilve Activity (Dial Press, 
1969) supports an Inductive approach to learn- 
ing that emphasizes probiam'Soiving rather than 
memorizing by students. The authors art hiihly 
critical of conventional teaching and school 
organization patterns. Readers concernid with 
planning and aehieving systematic changes in 
education will find that Tha Planning of Changa^ 
Readings In tha Applied Bahavioraf iciances, 
editid by Warren G. Bennis, Kenneth D. Benne, 
and Robert Chin (2nd edition, Holt, Rlnehart 
and Winston, 1969), Is quite helpful, G. Immi- 
gart and F. Pilacki In An Intr^uctlon to iyitami 
for the Practicing ichool Administrator (Rand 
McNally, 1970. in press) clearly characterize the 
systems movement and Its relevance to aduca^ 
tional reform. 

Schools need the benefits of both scientifrc 
and humanistic management. How educational 
leaders can combine theie two into a participa- 
tive system Is tha focus of Tha Human Organic 
zatlon: Its Managemint and Value by Ransls 
Likert (McGraw^Hill, 1967), Georga S. Odiorne's 
Minagement by Objectives: A System of Man- 
igtment Ltadarship (Pitman, 1965), though 
written for businass and industryp is highly rec* 
ommtnded for iducational management also. 

o 
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While educational technology has been written 
up ^e^tensively, a particuiarly good account of 
current approachis is given David L. Cram, 
et bL in Princlplii ind Frictices of Instructionil 
Tachnology (Genernl Programmed Teaching, 
1959). Robert F, M.iger, in his small book Pre- 
paring Instructional Objectivti (Fearon Pub|ish= 
eri, 1962}» presents a moit readable and 
authoritative statiment on how to write instruc 
tional objectives. The steps taken by schools to 
individualize instruction can be examined by 
reidfni Thorwaid Esbenson's Working With Indi- 
viduallied Instruction (Fearon Publishars, 1958), 
which covers thi tfforts in Duluth, Minnesota, 
and by listening to ^'individualized Instruction," 
edited by William Detiriiit^', jn Sound Education 
Reports (audio tape). Vol, 1, No. 11, 1970, which 
relates to two other experiences. 

Since many of the published writings on 
teacher appraisal suffer from the defects out^ 
lined in the articli here, the literature in this 
area should be approached carefully. A, S, iarr's 
Wisconsin Studies of the Meaiurement and Pra^ 
diction of Teacher Iffectjveniis (Dunbar Publi- 
cationSt 1961} provides a fine general critique 
of current appraisal practice. Related problems 
and controversial aspects are analyzed critically 
and Interestinily by Donald Medley and Har- 
old Mitzal In "The Sdantiflc Study of Teacher 
Behavior," Th^ry and Rasiarch on Teaching, 
Arno A. Bellaek, editor, p. 79-90 (Teachers Coh 
Itp PresSi Cojumbia University, 1967). Qaoria 
Redfern in How T© Appraise Teaching Par- 
formancii p, 15-22 (School iVlanagtmant. inc., 
I963)j discusses the appraisal goal of teacher 
developmtnt and Its achievtment. Usfng critical 
incidents as a base for defining effective teach' 
ing is described by David Ryans in Charactan 
istici of Teachirii Their Daiicrlpilan, Comparison, 
and Appraisal, p. 79-83 (American Council On 
Education^ 1960), 



While educational applications of PPBS are 
relatively new, there are several helpful books on 
the subject. Probabiy the best of all is Harry J. 
Hartley's Educatlonaj Planning-Programfnlng- 
Budgating, A Systems Approach (Prantice Hall, 
1968). A general approach to cost^effectivaness 
analysis is given In Cost-Effectivanass Analysis, 
New Approiches In Deciiiqn Miking, Thomas A, 
Goldman, editor (Frederick A. Praeger, 1967), 
M, B:. Carpenter and S. A, Haggart rtport on 
concepts, techniques, and problem areas associ- 
ated with analysis of educational programs In 
Analyiis of Educatlonai Programs Within a 
Pfegram'Budgiting Systim, (Rand Corporation, 
September, 1969). The experiences of a Skokie, 
Illinois school district In implementing PPBS 
are recounted by Wesley F. Gibbs in "Program 
Budgeting Filters Down to Education,'' Nation's 
Schools, Novamber 1968, and by others writing 
in thi lami Issue, 

Not much has been published on school/ 
community communication. However, the 
S^voluma report. The itructure and Process of 
School/Community Rijatlons by Rlehard 
Carter, et al. (Institute for Communication Ra^ 
search and School of Education, Stanford Uni- 
versity, 1966), IS a valuable general source of 
information. Martin Buskin's articli, "How Do 
You Make People Give a Damn?", ichool Man- 
agement, May, 1969, p, 45-50 + , tells about 
the Impact of a dynamic, new school official 
upon a deianeratini sphoQl district. How a pub* 
lie relations professional can help a school's 
communication program is portrayed In "What 
Can a PR Man Do?", School Managamant, May, 
1969, p. 96-100, Robert I. Jinnings and Mike 
Milstetn, in "The School Budget, Achitvlng 
Public Support for Education,'- The Clearing 
House, April, 1969, p, 458-462. illustrate the 
utility of effictive school/community communi- 
cation in solving an imlnently practical probltmi 
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Or, William D, Hitt dlrecter of Batttllg's new Cmm for 
Improved Education. With a background rooted In the behaviorul 
sciences, he has been deeply involved in applying the concepts 
and methods of those disciplines to the solution of social and 
educational problGms, especially where technology may enter as 
a factor. At Battelle-Columbus, SIN has concerned himself with 
both the planning and management aspects of education, This 
experience has led to his present special interest in promollnn a 
bettar relationship between humanness and technology as a 
means of creating more effective schools. 



Ranald J, Crtss concentrates on research in ejcperimental and 
learning psychology, particularly on applying educational 
technology. At Battelle, Ron's experience has ranged from usirig 
programmed Instruction for training In retail sales and repair of 
electronic units to creating high school curricula* and from 
developing guidelines for a model school to working on programs 
of education and training relating to the urban environment. 



Robert F. Rubeok't primary Interests are designing educallonal 
training programs and employing specialized visual aids in 
education. He has served several school systems as curriculum 
consultant, has developed and conducted a training program for 
curriculurn-deslgn personnel, and has instructed educational 
odministraiors in business management concepts. 



Robin J* Milstead, a psychology graduate who started out to be 
an engineer, has worked on the social problems of juveniles, 
welfare, and drug abuse. These activities have included research 
on bridging the economic gap between students from lower and 
middle socioeconomic groups, education in correctional 
institutions, and problems of school/community relations. 

Diohne J. MirK, with background in psychology and sociology, 
has Investigated the training needs of a brokerage firm, the 
operation of a blood bank, and the role of large companies In 
developing industries in the inner city. Currently, she is guiding a 
study of the public's iducational goals and obiictives, and also is 
ejfamining the educational nieds of Ihner-City residents. 



Gfirild Robinisn's areas of special interest are operations 
research, management science, and industrial engineering, His 
studies have Included applying the Plannlng-Programming- 
Budgeting System (PPBS) to School systems, analyzing 
recommendations for improving business operations in Ohio 
schools, determining business's rols in inner-city economics, and 
managing production and inventory, Earlier, Gerry held positions 
in engineering planning and administrstion with several 
industrial firms. 



Deniiii N. MoFadden is concerned with 
iducational evaluation and miaiurement, 
experimental design and statistics, and 
developmental psychology. He has 
evaluated appfenticeship training in the 
building trade^i, analyzed Ohio's vocational 
needs, studied the characteristics of 
pre schoa! education, and directed the 
teacher appraisal study. Before coming to 
Battelle-Columbus, Dennis was a fallow 
with the iducational Testing Service. 



Kara will soon enter school hevma diready 
shown that she can catch hghining bugs, 
build sand structures, and operate small cars 
Her responsibihtiiS will inGlude absorbing 
information and learning to use it in the real 
world Kara is not an author She, and manv 
others Ilk© her, are what the articles are all 
about. 



Dr. E. Allen Schenck; a speciatlst in 
Bxpertmental deiign and measurements in 
education, was assistant professor of 
psychology at the University of Illinois 
before joining the staff. Alleri has 
contributed to studies on a rationale for 
preschool education, effects of education 
on students' intellectual growth, and 
tichniques for teacher evaluation. 



Housing— A Basis for Providing New Op^ 
portunlty to Amirica's Poor. Why not open 
the door for low income families to learn 
new skills, obtain Income from new JobSj 
and Improve living conditions in their own 
neighborhood, instead of uprooting them 
and forcing them into an alien environ- 
ment? More spiclfically, why not provide 
jobs, incomeSp housing, and opportunity 
for self improvement in selected rural 
areas as wall as in urban areas? Battel le 
has been conductinian expirimental 
demonstration program using low=cost 
housing as a Vihicle for longertom social 
and economic development In South Da- 
kota. The selection of famllfes and house 
design, the materials used, and the cost 
are described. John R. Hagily, in 23rd 
Annual Short CourBe In RBBidential Con> 
struct/on, University of Illinois Bulletin, 
V, 65, no. 122, June 5, 1968, p. 40^47. 

Water Resources Systims Analyiis — An 
Overview. Recent work on the systems 
analysis of water resources Is summarized 
briefly. The author discusses the basic ele- 
mtrits of specific systems-analysis tech- 
niques, the inherent features of each 
system that make it useful in designing 
and analyzing water resources systems, 
and the aspects of water resources prob- 
lems that make them amenable to study 
by systems analysis methods. Model struc-^ 
ture IS emphasized. Nell L Drobny, in 
ProcBedings of the Fourth American WatBr 
ResourcBB Conference, 1968. 34 pp. Amer^ 
ican Water Resource Assoc iatlon. 

Science for SoDiaty: A Biblloiraphy. This 
listing of writings on technologically initi- 
ated problems and how society can move 
to bring about their solution h»s been 
issued as an aid to eri'icators. It covers 
a variety of problams including! popula- 
tion, agriculture and food,^ poUution, 
health, natural resaurces, race, biological 
engineering, science, and war and peace. 
Battelle has Joined with the American 
Association for the Advancement of Sci- 
ence and the National Science Founda- 
tion (n supporting publication of this 
bibliography, This step underscores the 
belief that a multidiscipllnaiy attack Is 
necessary to solve eontamporaiy problems. 
John A. Moori, for the Commission on 
Science Education of AAAS. AAAS Mis- 
cellaneous Publication 70-6, BMl Special 
Publication 704^ 1970. 

Civil Systems In Urban Transport Decision 
Making, Public approval of major new 
urban transport systems hinges on sound 
technical planning, appropriate legal and 
financial mechanisms, and forceful work- 
ing coalitions of key community groups. 
Experience In the develdpment of trans- 



port systimL. throughout the U.S. suggests 
that the workings of such Goalitions 
(called "civil systems" here) are the least 
understood aspects of the development 
process and, perhaps, the most important. 
The author evaluates the structure and the 
dynamics of community coalitions on the 
basis of survey data from 7 urban areas 
across the nation, C. William Hamilton. 
High Speed Ground TranBportat(6n Jour- 
naf, V, 4, no, 1, Jan, 1970/ p. 81-102, 

Development of Materials for Use In Cfrcu^ 
latory Assist DeviGes. The goals of this re- 
search progrim are twofoldi (1) to modify 
materials to produce nonthrombogentc 
surfaces, and {2) to study the baiic inter- 
actions occurring at the blood/foriign sur^ 
face Interface, Work has been done on the 
modification of synthetic polymers by at^ 
taching heparin to their surfaces chemi- 
cally. Techniques developed involve both 
ionic and covalent bonding of heparin to 
a wide variety of polymers, including 
those currently used for prosthetic de- ^ 
vices. Gerald A, Grode, Richard D. Falb, " 
and Sandra J. Anderson, In Artificial Heart 
Program Conference, Procwedings p 19- 
27, 1969, 

Reliability Analysis Techniques, Various 
methodologies for predicting and analyze 
. jng the performance, reliability, and cost 
factors of electronic circuits have been 
diveloped under Federally funded pro- 
grams. The techniquis summarized here 
apply also to the disign of consumer prod^ 
ucts. Robirt A. Yereance, AppHanQe Engi- 
neer, V, 4, no. 1, Feb, 1970, p, 4043. 

Reducing Plnhele Perosity In High-^AIloy 
Steel Castings by AdditiQns of Selenium. 
Pinhole porosity In green^sand-mold cast- 
ings has troubled high-alloy steel foun- 
dries. This type of porosity shows up as 
elongated, irregularly shaped holes just 
below the surface of the easting, with the 
long Bm of the holes roughly at right an-^ 
gies to the surface. After discussing the 
theory of pinhole formation, the authors 
describe a method for reducing pinhole 
porosity by adding selenium to the steel. 
A. M. Hill and Clarenci i, Sims. Meta/s 
£ng/neer/nf Quarterly, v, 10, no 1 Feb 
1970, p, 53^55. ' ' 

Put Input-Output In Your Future, Our 

economy is made up of a complex matrix 
of supplier/customer relationships among 
all industries. In the past, input^output 
charts were a recordi now they are becom- 
ing forecasting tools. Input^output is a 
term resulting from studies of the inter» 
relationships among segments of the 
economy. Some companies are using 
input^output to project the future econ- 



omy; several orianizatlons already have 
constructed input-output tables^ In 
Battelle's case, for 1975, W. Haider 
Fisher. IndustTy Weefc, v, 156, no. 2 Jan. 
12, 1970, p,4042. ^ 

iarly Warning Systems Concirned With 
Environmental Contaminants. The magnl= 
tude and seriousness of environmental 
problems affecting man require changes 
in many current practices/Man must have 
the insight to visualize iituatlons that may 
be hazardous, and to initlati research and 
control programs before the situations 
reach critical proportions. Such action re- 
qulris establishini information analysii 
centers that are mission-oriented to envi- 
ronmental problems, to provide the basis 
for identifying and systematically evaluate 
ing the situations, Frank A. Butrico, 
American Journaf of Public Health, v. 59, 
no. 3, Mar, 1969, p, 442^47, 

Same Approaches to Character Reeognh 
tion for Postal Address Reader Appllca- 
tiens. There are several approaches to 
recognizing machini printed characters of 
a quality commonly encountered In postal 
addressei. Generally, these approaches m- 
flect two different recognition concepts. 
One exploits certain properties in the un- 
derlying geometry of the characters, The 
other emphasizes the statistical aspects 
of the characters taken collectively. Evan 
L irill, RIchird Pi Heydorn, and J, Doug- 
las Hill, in PrQceedings of Automatic Pat^ 
tarn RBcogniiion, 1969, Post Office 
Departmint, Bureau of Research and 
Engineering; National Security Industrial 
Association^ and Institute of Electrical 
and Electronic Engineers, 

U.S. Navy Dlying-Gas Manual, This Is in- 
tended for use in research on diving and^ 
in designing and operating diving systems. 
For the first time, data are made available 
on the properties of helium/oxygen mix- 
tures and pure gases used in breathing 
mixtures that are suitable for saturation 
diving. The manual shows differences be- 
tween real-gas properties and perfect-gas 
behavior at higher pressures; It pfeients 
charts and methods for selecting breath- 
ing gas compositions and flow rates for 
diffirent types of diving gear; and it sup- 
plies humidity data for various gas mix- 
tures and pressures, Herbert R. Hazard, 
Joseph F, Walling, etahp U,S, Navy Super- 
visor of Diving Report No 3-69 
AD-701566, (CFSTI) 

Control of Research and Devefopment 
Costs, The financial eKtcutive does not 
"control" research costs. He furnishes cor^ 
rect and current cost information to the 
research manager just as he does to the 
production and marketing managers, and 
cooperates In priparing astlmates of the 
financial aspects of possible future ac- 
tions. He Is part of the top management 
team and summarizes the projected finan- 
cial results of decisions made by the vari- 
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Cluea te Siopfeceiigi Ffsm Thermal 
Anilyiis, A bioiogical specimen is being 
piaged on the iampl© pan in prgpar^itton fgi d 
difforentta! ihgrmal anaiysts (DTA) exponfnoni lo 
siuilv water in tissue DTA is one of seve/a! 
iypes of thermal andlysei that have boon 
found useful m biologiccil appliCeitiens To 
summafize the various ways thai thermal 
analysis can be used in biglogicai research. 
Robert W, Pfail repprrs on BatroHo sponsored 
ej^p&nmenti arid draws examples from recont 
Iiiereture m his paper. Sioiogical Applications 
of TfiBrma! Anglysii/ m Proceedings of the 
Third Toronto Symposium on Thsmwl 
AnalySis^ 1969 



Crack Propigitton in High Preisure Pipe, 

This section of siael pipe 13 be?ng mgirumenied 
for fulUscale siudies Of crack propBgation in 
high pressure pipelines Internal pressure 
initiaies fracture at a preset notch Tha 
chafacteristics of the rrioving ffsciurfi are 
then recorded by voriouB means, including 
high speed photography The e)<penrneni5. 
their results, and sorng enginiermg 
interpretations for fracture-safe design are 
discussed in the paper by Arthur Duffy, 
Robert J. iiber, Wlilard A, fWjaxey, ind 
Qsorgs M, McClure, "'Riseargh on Steeis 
for High^Pressure Pipelines," m Procmdings 
of the 1968 Ptpas md Ptpeltne £ng/nmring 
Con i/ention. 1969, 3 5 pp 



ous components. Including th^ research 
group, A variety of functions are dis- 
cussed; the author does not imply that the 
financial exicutive performs all of them. 
Paul R, Langdon. FmBncial fxecut/Ve's 
Handbook, p. 664-681, 1970. Dow Jones- 
Irwin, Inc. HomewDod, Illinois. 

Ecological Transfir Michanisms^Tirris- 
triaL RadionuclidiS that are released to 
the anvironmint by nuclear-eKnavation 
detonations may inter a variety of biogeo- 
chemical cycles and follow iSsentjally the 
same transfer pathways as their stable 
alemant counterparts. The generallzad 
materials-transfer diagram presented is 
applicable to the forest^ agricultural, 
freshwater, and marine ecosystems that 
provide food and water to the people in 
the regions of Panama and Coiombia 
v/here nuclear excavation of a sea-level 
canal could have an effect. Mechanisms 
for transfirring stable elements and radio- 
nuclides in terrastrial ecosystems are dis- 
cussed. Wiliam E, IVIartfnp Gilbirt 1. 
Raineii Senford 0. Bloom^ and Arthur A. 
Levin j in Procmdings for the Symposium 
on PubilQ Health AspBCts of P^3Q$ful Uses 
of NudBar EKp/os/ves, 1969. 28 pp. 

QDlumbium, This metal more than dou- 
bled its volume in the 1960-s, based on its 
use in aircraft turbine superalloys, special 
construction steels, automotive and ma- 
chinery alloy steels, and stainless and 
heat resistant steels for the chemical pro- 
cesslnf and automotive Industries. The 
damand could well double again during 
the seventies, perhaps expanding 60 per- 




cent by 1975. Columbium production, 
Consumpticn, and prices are discussed. 
Frederick Hp iuttner. EnginBBr'mg and 
Mining Journal, v. 171, no. 3, Mar. 1970, 
p. 130433. 

Boundary Layer Lubrication^ Monolayer or 
Multilayir. Some of the literature on the 
properties of liquids squeezed between 
two solid flats and on related data are 
reviewed critically* Most of the data seem 
to be qualitatively valid. The simplist 
and best way of accounting for the ob- 
served results is to postulate the eKis- 
tence of a film with properties far differ- 
ent from those of the bulk liquid. The best 
model found for such films is an ordered- 
llquid model In which the wall forces, 
though not strong enough to bind more 
than a few layers, induce long-range order 
in the fluid, C, Malcolm Allen and Ed- 
mund J. Drauglis. Wear, v. 14, no. 5, Nov. 
1969, p, 363^384. 

Cost Estimating and Production Planning 
at the Priliminary Design Stage. A com- 
puter program has been developed to esti- 
mate the fabrication and materials cost 
for the inert components of rocket motor 
cases. The program Is planned to provide 
cost estimates accurate enough (within 10 
to 20 percent) to be useful in the early 
stages of a design. The estimates permit 
the desiinerto compare various rocket de- 
signs that promise optimum performance, 
to determins which design could be.pro- 



Microenaapiulation. This iattelle developed 
flutdized bed apparatus can eneepsulate a 
myrtad of mafgfials. solid or liquid, in one 
COnlmuous operation: It represenis ofie of 
several techniques that can be used to 
encapsulate panicles ranging m size frorn a 
few microns or less to about 2000 rnicrons 
Other processes of this kind include aqueous 
phase separation, nonaqueous phase 
separation, interfacial polymerization, use of 
multionfice rotating cylinders, melt prilling m a 
fluidized bed, Spray drying, diffusional 
iKChange, and rneliable dispersion. These 
techniques and their application are considered 
by Herman Naak ui his paper 
"Microsncapsulotion Techniques, Applications, 
and Problems. Soamy of Cosmeffc Chefnists^ 
Joumai V 21. no 2. Feb. 4. 1970 
p 85-98 



duced at least cost. Daniel E. Stroheckir. 
Technkal Paper No, MM70724, 11 pp., 
1970. Society of Manufacturing Engineers. 

Eleatrioil Contact Moterlals for Spaci 
Applications, The performance and relia* 
bllity of electrical contacts are deter-' 
mined largely by reaetions at the contact 
surface. These reactions depend on the 
contact material, the chemical environ- 
ment in which the contact device oper- 
atiSj and how the contact device works. 
The significance of surface reactions rela- 
tive to performance and reliability is often 
established by the electrical requirements 
of the contacts. Performance and failure-^ 
of several precious-alloy electrical con- 
tact materials are considered. Edwin S. 
lartlett. In ProcBedings of the Bympo- 
slum on Long Life HardwarB for Space, 
v. 1, 1969, 27 pp, Marshall Space Flight 
Center and Huntsviile Section, American 
Society for Quality Control. 



HOW TO OBTAm COPIES, ReprintB of many Of 
the papifi md art/c/ei (but not parts of books) 
//sfed hire rnay fit obtained by Wfltlng thB Pub^ 
//ciffOni Off'iQ&f BBttBUB'Columbu^, BOS King 
Avenue, CQlumbUB, Ohio 43201, Copies wilt tB 
providBd at r)Q charge so long as the lupp/y 
pBrmits, Reports das/fnafad CFST/ are mvalh 
afa/e dlr&ctly from thB Cl§arlnghQU$§ for F§deral 
Sc/entiWc and Techn/caf Informatjon, Spring- 
field, Virginia 22131. Wher? order tngi list their 
ADf PB, Of Other IdBntificatlQn numbers §nd 
indicate whether microfiche ($0,6S)t or hard 
{$MM) eop/ei are dis/red. 
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your Third Set of Teeth 

RilNy tccih may no longer be the kind 
you pill hcskic ihQ bed at nighu Iiihiead, 
mis>*ing leuih.may be rcplueeU hy in^ 
planis ihai bgconic as finiily fixed lu ihc 
jaw as natural iccth.-At least that's the 
pmnTisQ of the early returns on reheurch 
UMng u new concept in urtiliciul ieeih, 
As expIuineLl by Thomas D. Driskell, 
tbu IBaitcHeCuIumbus scieniist in ehiirgc 
c)l the study, the new teeih will he Im- 
plants that look much like nuiural teeth: 
hut eadi of them h composed of a con- 
ventional anifieial crown, a root struu= 
lure niiido from hiah-density aluminn 
ceramic, and a metal center poni that 
holdn the crown and the root together. 

Ihe key to the development is the 
aluniina root. BeHidcs providing a bio= 
logically inert foundation, the material 
also furnishes a surlace thai Is receptive 
to bone-producing iii^sue, Adhcrenf 
growth of this tissue on the root surfuce 
bonds the tooth lirmly and permanently 
into the surrounding bone. 

The three-part conrtgurution has given 
the designers much more latitude than 
woulU be possible if the tooth sverc cast 
Irom a single piece. In particulur, using 
.the conventional crown let them take ad- 
vantage of an existing technology: all 
that was necessary was to adapt an item 
that is widely used in dental therapy. 
Moreover, Driskell points out, subse- 
quent dental repair and restoration work 
on a composite tooth implant should be 
much Jiiniplcr than if it were a sinqle 
picGc, If the crown is damaged, there's 
no need to replace the whole tooth; the 
crown can be removed and a new one 
slipped onto the post. 

Experience with the Battclle develop- 
ment to date has been limited to implants 
in Rhesus monkeys, but the results are 
encouraging. More than 50 implants that 
have been put in place during the past 9 
months arc holding up welL The im- 
planted teeth withstand loads that are 
conipnrable to those imposed on natural 
teeth, and tissue reaction has been favor- 
able. Present plans call for some 20 
more implunts in monkeys: The clinical 
program is directed by Dr. George W. ■ 
Gfccnc. Jr,, oral pathologist at the State 
University of New York at BulTulo. 

Current interest is focused on single 
unit replacements for extracted teeth im- 
mediatcly following extraction. The im- 
plants will probably not benefit persons 
already wearing dentures, or those suf- 
fering from considerable deterioration of 
the jawbone. 

Implanting involves three steps: ( i ) the 
vacated socket is modified to accom-^ 
niodate the implant, (2) the composite, 



minus the crown, h force lilted into (ho 
cavit)-, and (3) ihe crown i^ uttached 
rigidly and aligned on the metal center 
post, and then cemented onto the root 
structure. 

'I he research program is sponsored by 
the U,S. ArmyMcdical Research and 
Development Comma nd^s Dental Re- 
search Division, headed by Colonel 
Milton J. Rnapfh 

ComputerB Move lAC's Forward 

The computer is nioviny to a new part 
ol the information firmanieni — the in- 
formation analysis center (fAC). /rhe 
papularity of these centet^^ is based on 
their ability to tup their holdings quickly 
lor informiition in theHuhjcci urea Luider 
study. Now, the avaihibility of mass 
memories in compuiers allows the hiiye 
amounts of information and data held 
by I,AC's to he stored in computerizeil 
systems. 

The lAC*s at BatteIlc=Columbus work 
this way: Information — limited lariiely 
to current developments — is stored i\s 
extracts on 5 x H-inch cards. The ex- 
truclK are taken mostly from such 
saurccs as reports, journais, and books; 
Gorrcspondencc, interviews with leaderH 
in the fiykh papers, and talks ure ex- 
tracted also. These iteniH arc chosen ami 
processed under the direction of qiiali- 
fied scientists and engineers. Clue words, 
i.e., words that characterize the contents 
of the extracts arc underlined. A copy 
of the extract is filed under each cli'; 
word, thus providing multiple eniries to 
a subject area. The searcher need only 
go to the appropriate file drawer, re- 
move the curds related to his subject, 
and scan them quickly. The information^ 
selected and treated by his peers, is right 
in his hands. 

However, card files seem to be on their 
way out. implcmcntaiion of a new sys- 
tem design, called BASIMO (Battclle 
Automated Search Information System), 
is bringing lAC's into the computer age, 
according to W. David Pcnniman of die 
information analysis group. Phase 1 is 
already operational and several centers 
arc using the system. When completed, it 
will make the centers' information avail- 
able wherever view-screen/ typesvriier 
terminals are tied into the lAC's time 
sharing computer. Information and data, 
stored in the coinputcr memory instead 
of in file dravverSj will be picked and 
prepared as before. However, life will be 
easier for the scarchen He can ask the 
computer for the informaiion'or data he 
needs by feeding in clue words. The 
lAC, using a computer for storage and 
retrievak will be handier, faster, and 



poshihly more elhcieni. rhe computer 
uill conimunicate b) a simple. ca^vMo^ 
the ijuCMion aiiswer technit|ue thai mjn= 
iniizes diiliculiies. even for the noviee. in 
using the sysiein. 

As deseribeil by John Ik rricd and 
Burton H, Went, Jr., who arc guidinu 
the development, the user ssill b^Mc to 
■ reiricse the asailuhle in!orniaiii»n cither 
on a view screen, as tvped copy, or in 
holh forms. When viewing on Ihesereefi. 
he can qui the copy elceironically so 
that only what he con^^iders pertinent 
will read out. When luriher searehinu is 
necessary, a thesaurus, which is supphctl 
by the eompiitcr, can be scanned lor 
nu)re leads. Wiih espurience. the ieeh= 
nique for tapping the in(i>rmalion hold- 
lags can hccoiiie quite sophisticated. In 
Ihc nieaniimc. all extracls that ihe user 
wants lo ye! his bunds on can he cnl= 
lected electronically and printetl at one 
time 4ifter the search is conehidetk 
Among other useful services supplieil In 
the sN'stem is one where the searcher can 
get the computer to analy/e ami com- 
bine data, and read out the resulting in» 
lormation in the form of graphs or 
tables. 

Ditve Peiiniman points out thai this 
system can be adopted fiir any of a vm'i- 
eiy of situations where storage and re- 
trieval of information or data are 
importuni — for example, where large 
q nan lilies of nianngemeni records, 
equipment IiIch, descriptive catalogs, ami 
personnel foklers are reviewed fre- 
quently. He also notes that indexes can 
be set up to faciliiale entry into exten- 
sive manual files that are already 
operating. 

Neutron vs. X-Radiography 

If K rays don't work, try neutrons. In- 
deed, neutron radiography is proving it- 
self as a highly useful companion to 
X-radiography for visually penetrating 
opuque materials. 

Neutron radiography complements X- 
nRliogrnphy because it is c/Tective with 
many materials that are cither more or 
km opaque to X rays than to neuiroii.s. 
Miiteriuls bccoine more resistant to X- 
radiation as the atomic numbers of their 
major elements rise; heavy elements like 
lead arc ahiio^t opaque to X rays. The 
case is quite different with neiitrons: 
atomic numbers have little relationship 
to the attenuation of neutrons. Light 
elements like hydrogen, lithium, and 
boron arc quite opaque to neutrons. On 
ihe other hand, neutrons pass freely 
through such heavy elements as tung- 
sten, lead, and uranium as well as 
through lighter elements like uluminuni, 
zirconium, and tin. With neutron radi- 
ography it is posiiible to difl^rcniiatc 
even water, alcohok and boric acid. 

Neuiron radiography Galls for a neu- 
tron source (a reactor, radioisotope, or 
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neutron i^enunitur). a goIliiii;aor to \im\s 
ihe sireani af ncuirons, and a coinursion 
screen Ihat ;s activuicd in proportion lo 
ihc nunihgr of neutrons that Mrlku ji. 
In mnsi cusus. the c-unN'crsion sciv^^n 
needcil to ghangu* the neutnin beam to a 
furni of radiaiion, siich as eleclrcins, al- 
pha particlgN, or Il^lil, thai cnn he used 
!o expose film or [o pnnide a signid lo 
M)me oihcr imagg-rycording device. 

According to Juseph W. Rav, who 
dkms work on neuiron ratliography. 
studies on this lechniquu are well ad- 
vanced, Uaiielle-Columbus research has 
inuludcd prograins on varlgiis types of 
neutron sources, on collinmtor and im- 
aging systems (inchidiny television), 
and on iisiny ihu technique for various 
purposes. 




irass Valve, The radiographs display the 
rtieriis Of the two lechfiiquss The neutron 
rudiograph (above) clearly shows the' Nylon 
handle and gland seals (above and below the 
ipnng) and the water m ihe flow channel 
(below and to the nght of the valve seat), 
which are not visible m the other radiograph 




STOU Rx for the Short Haul 

Shori = haul uir transport is in had 
shape. Dehiys in takeoff ntuj landing 
hiive niore than doubled transit lime on 
some nights. If the trend keeps up. ii will 
bu cn^icr to drise than to \]y ham ikmm 
to Washington, and we know driving is 
no picnie, 

Short iukeofT and landing (STOL) uir= 
craft, requiring only 1,500 to 2,500 feet 
of runway, might relieve much of the 
probleni. (Kunways for convetutonul air- 
cruft range from ftJ)00 to 10,5()() feet J 
If the STOL concept were aceepted and 
a dispersed tuHsvork estahlished, the 
sbori-haul passenyer could enjoy vastly 
improvetl service antl large new tunrket 
areas coLild have eonneciive iransporia- 
rion that previously has been denied 
them. However, considerahle study is 
tieeded to map out the bcsl way to ui- 
taek the problem, 

These points were recently nnulu by 
John K. Wetherhce of Battelle-ColumbiiN 
in a prescniaiion to the Second Annual 
Nationul Aviation Planning Review Con- 
ference in Washington, DX\. in which 
he outlined the poientlal of ^YOL, pur- 
ticularly in the crowded Norihcasi Cor- 
ridor where congestion has become 
critical, 

W^Mheitee pointed out that there is no 
doLiht uhout our ubility lo buiki an air- 
ciid'i to lake ofT and land in a short dis= 
lance: the Wright Brothers did that. The 
problems arise with the iradeon's and 
eomproniiscs needed to get a successful 
STOI. under way. F^or example, should 
the apprduch be to commission a full- 
blown system with many links and iermi= 
nals in both hubs and suhurhs? This 
could provide maximum benefit, but it 
would be exifemely costly and hard 
to do. 

Or, Hliould the system start sviih a few 
terminals, small operators, and ofT^he- 
shelf aircraft, and then be allowed to 
grow by norma! evolution? This might 
be more feasible technical!y and eco- 
namically, but would potential operators 
take the risks to mnke the system grow? 
Or. arc separate STOL ports the way to 
go ut all? Although thesie would providg 
tnaximum close-in service, might it not 
be simpler And more realizable, at least 
in the near time, to operate from stub 
runways In cKisting airports that would 
bo set up to use air and ground space 
apart from the conventional traffic 
pattern? 

These kinds of questions have to be 
studied systematically. Much of the in- 

Cigarette Lighter. The photos illustraie how 
the two types of radiogriphy complement one 
another X rays (left] show up almost all of 
the metal pans Neutron radiography reveals 
the cotton filler matinal. wick, and flint and a 
few other meial parts, even the spring 
configuration can be seen inside the metal- 
tube supponing the flint 



ftirnuiiion needed to reach answers 
might exist already in ihu hands of air 
carrit^rs. aircraft manufacuirers, iuid re= 
seareh facilities and iiistiiutions. Bui 
knowledge beyond ibis is neeeiisarv. The 
■ combined elforis of an experienced sys- 
tems teum are requit ed to inap the aiiaek 
on the problem, to integrate Informalinn 
\Uiere it already exists, and lo pinpoint 
the areas where reseai^cb or lests are 
needed to augment present knon ledge. 
An analytic approach must be conibined 
with a wclbplanned, conirolled test 
program. 

Positive governnient leadership will he 
necessary if these problems are to be 
solscd. HTOl^ is one possible approach 
svith great potential; there are others. 
But eiearly, the sborldiuul transporta- 
tion problems must be faced. Fast, con-^ 
venieni transportation in the crowded 
corridors of the U.S. Is a must for the 
coniinued health and growth of the 
American economy. 

Martin on Bamile Board 

Clair E, Fuliz, chairman of the liattelle 
lioard of Trustees, has announced the 
appointment of Williani McChesnev 
Martin, Jr. as associate member of the 
board, 

Martin brings to ihe Uaitelle board 
sonie 40 years of experience with linan- 
cial and governmental organisations. Re- 
cently he eompleied an unprecedented 
19 years as chairnian of the Federal Re- 
serve Boaml, During his career, Martin 
hecame president of the New York Stock 
Exchange at the ngc of 3 1 , After inilitury 
service tn World War JL he was nanied 
successively board chairman of the 
Export-Import Bank, assistant secretary 
of ihe U,S, Treasury, and U,S. cxecu^ 
tive director of the International Bank 
for Recon.stru.ctign and Development. 

Latciy elected to the board of Interna- 
nationul Business Machines Corporation. 
Martin is chairniim of the board of trus- 
tees of the Berry Schools, and a trustee 

01 Johns Hopkins University and of the 
Foreign Service Educational Foundation* 

The Battel le board comprises 6 trus- 
tees a^id-=wiih Martin's appointment^- 

2 associate trusiees. In addition to Fuliz, 
who is president of Huntington Banc- 
shares. Inc., the trustees are Dr, John 
A, Wheeler, professor of physics, Prince- 
ton University; Gerald B. Fcnton, retired 
Columbus businessman; Dr. Sherwood 
L Fawcett, Battelle president; Dr, John 
R. Pierce, Bell Telephone Laboratories: 
and Dr. B, D, Thomas, former Battelle 
president, Dr, Roger Adams, rciircd 
chairman of the Dcparluient of Chcm= 
istry and Chemical EngineL^ring, Uni= 
versity of Illinois, is an m^^ mumc trustee. 

Go/den Path to Hifgfa/unetlons 

A large number of semiconductor de- 
vices are based on the creation of a p-n 
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jiinclion within the semiconductor ma- 
terial, jLinctions — inferfaccs butwccn 
electron-poor (p typej and clcctron-rich 
(n type) regions ^ — ^givc semiconduciors 
many of iheir valuable electrical charac- 
teristics. Most junciions used today arc 
Iwmojunciionx, which are oblaincd by 
altering a single semiconductor material, 
Hmh ns silicon, by doping (poisoning) it. 
Doping with boron or indium, for ex= 
am pic, will produce p-type fegions; arse- 
nic and other malcriul?^ may be used for 
n-iype regions, Heterojiinctiom, which 
are employed much less frequently, are 
prepared from two differeni materialH=- 
e.g., germanium on gallium arsenide ^ — 
that serve as the p and n regions. 

The dinicultics of succcssf Lilly mating 
diverse materials sharply limit the avaiN 
ability of devices with heteroju net ions, 
but such junctions are of great interest 
because they promise new types of de- 
vieeH witii many novel uses. Typically, 
the interface between the two materials 
in flawed by microscopic imperfections 
that keep hcterojunctions from achiev- 
ing anything close to their potential. 

According to Dr. Y, F. Chang of the 
electronic materials and devices group at 
Battellc-Columbus, the problems of in- 
tcrfacial imperfections in hcterojunc- 
tions may .soon be solved, if the promises 
of his current research on germanium- 
gallium arsenide heterojunetions are 
borne out. 

The technique that is being developed 
works like this. An alloy of gold and 
germanium is melted onto the surface of 
a gallium arsenide single crystal. The 
molten metal is then cooled slowly un- 
der painstaking control. As cooling pro- 
ceeds, the germunium slowly precipitates 
out of the melt and deposits on the sur- 
face of the gallium arsenide in a single- 
crystal layer, 

Metallographic examination shows 
that the interface between the german- 
ium and the gallium arsenide produces 
a true heterojunction. The surfaces are 
free from defects and are intimately 
mated along a single plane, 

The success of this technique stems 
from two factors: (1) the attainment of 
near-equilibriuni conditions of deposi- 
tion — assuring a single crystal of ger- 
manium, and (2) gold*s ability to keep 
microcrystals of gallium ai^enide from 
reforming at the g ermanium'-saUium ar- 
senide interface, 

Gold is particularly useful here be- 
cause its properties with regard to alloy- 
ing with gallium arsenide are unique. 
Any metal that can be used to alloy and 
deposit the germanium will also dissolve 
some of the gallium arstnide. However, 
only gold is known to allow a german- 
ium layer to form without precipitating 
the dissolved gallium arsenide as welL 
This is the heart of the technique. If 
gallium arsenide precipitated from the 
melt, the single^crystal interface layer 




would be contaminated, The result -= no 
usable heterojunction, 

Dn Chang belic^vcs that this tgchniqiic 
can be developed to deposit germanium 
or silicon on many III^V or II-VI semi- 
conductors in like manner. This wouUI 
open the way to improving the proper- 
ties of a wide range of scmfconducior 
devices, 

BM/ ReceiVis NSPE Award 

Because of ''its record of advancement 
and improvement of the engineering 
profession through development and use 
of fonvard-looking engineering employ- 
ment practices in accord with proles- 
sional standards," Battelle Memorial 
Institute has received the 1970 Industrial 
Professional Development Award of the 
National Society of Professional 
Engineers. 

Nominated for the honor by the Ohio 
and Washington Societies of Professional 
Engineers, the llnal selection of Battelle 
was made by the NSPE Industrial AwurU 
Committee, Representatives of both 
Battelle-Columbus and Battelle- . 
Northwest Laboratories participated in a 
special ceremony at which Battelle pres- 
ident and professional engineer, Dr, 
Sherwood L, Fawcctt. accepted the 
award. This presentation took place re- 
cently at the Annual Meeting in Port- 
land, Oregon. 

The award conimiaee considered en- 
gineering employment practices relafing 
to registration, educutlon and ieclinical 
training, membership in societ^^s, engi- 
neers as authors, working conditions, 
utilization, titles, engineniing/ nmnage- 
nient communications, indoctrination, 
salary plans, merit review and job evalu- 
ation systems, and the "dual ladder** 
program of promotion. 

A New High in Mariluana RBseQfch 

Although marijuana has been around 
a long timCj research on this drug en- 
tered a new era in 1966 with the 
synthesis of the delta'- and delta''- 
tetrahydrocannabinols (THCs)— com- 
ponents of marijuana that reproduce the 
psychic activity of smoke from the whole 
plant. However, scientists haven't been 
able to find out how these THC's work 
in the body, because the compounds dis- 
appenr very soon after they are ingested. 

Now it appears that Dr. Edward B, 
Truitt and his Battelle-Columbus re- 
search team have made a significant 
breakthrough in lolving this puzzle, On 
studying the blood and liver of animals 
treated with THC, they have found a 
new substance that produces marijuana- 
like effects when it is isolated and in- 
jected into animals. Moreover, Dr. Truitt 
and his associates have successfully syn- 
thesized the new product from dalta^- 
THC, These achievements were riallzid 
in research for the Center for Narcotic 



Addiction and Drug Abuse Sludie?^ of 
the Nationannsiitutc of Mental Health, 
' The new j^ubsianco. ideniilied as 11 = 
hytlroxy-trans-deltu ■-tinrahydrocun- 
nabinoL appears to be a metabolite that 
is produced by the action of ceriuin non- 
spccirtc enzynies in the liver. This is the 
first time that a derived nictuholic prcnl- 
uci has been found to cause niarijuana 
actions, imd its presence might bo tliu 
reason that THC s cause ctfects thai arc 
characteristic of marijuana even ihough 
the compounds disappeur m quickly in 
the body. In other words, the THC's 
ihemselvcs may be innciive, but they 
may bring about the marijiiana^likt ac- 
tions indirectly through their metabolic 
conversion product. Also, analysis for 
the new metabolite may provide a lietter 
iiieans of identifying ihc use of 
marijuana. 

The metaholite was isolated from 
blood and liver prepa rut ions by thin- 
layer and gas chromatography. Mass 
spectrometry and nuclear magneiie res- 
onance furnislied the data needed to de- 
fine its chemical structure. The 
marijuana-like effects were demon- 
strated using the synthesized compound 
in rats. 

Tektlte II and the MinhHabitat 

The most ambitious U.S. "Man in the 
Sea" program yet is now in progress. 
Known as Tektite II, it got under way 
April 1 and wilT continue for 7 months 
at a spot off St. Johns, one of the Virgin 
Islands. 

Under the management of the Depart- 
ment of the Interior, the program in- 
volves some 60 engineers and scientists 
including 5 women. They work in teams 
of from 2 to 5 members to complete 
various experiments on the ocean bottom 
at depths ranging from 50 to 100 feet. 
Missions run from 2 to 4 weeks, 

Two habitats house the teams during 
their stay underwater. The first is the 
so-called "dual can" habitat (a double 
chamber connected by a corridor) that 
was used in Tektite L It has been fc- 
furbished and is being used again at the 
same site. 

The second habitat, the new Mini- 
Habitat (see sketch)^ has been placed on 
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the sea bottom at a depth of 100 feci. 
As hs name suggcsis, this unit h con- 
siderably smaller than the duaNcan struc- 
ture, and also is much more spartan in 
its amenities. It consists of a barge, with 
floodablc pontoons, that carricH the liv= 
ing quarters— one 8-foot-diametcr room 
and an ambicni-prcssur. wet room. Dur- 
ing July, the Mini-Habitat was lowed to 
the chosen site and ballasted. The pon- 
toons were carefully nooded m that the 
barge would sink to a predetermined 
level, Then, the habitat was pulled the 
rest of thg way to the bottom by winches 
attached to concrete clumps. 

Divers working in the Mini-Habltal 
breathe a 93 percent nitrogen-7 percent 
oxygen mixture that is piped through an 
umbilical from the support ship located 
topside. Other umbillcals supply low 
pressure air, oxygen, fresh water, elec- 
trieal power, communications, and in- 
strument readout. An eighth line permits 
personnel on the support ship to sample 
gases in the habitat atmosphere for direct 
monitoring purposes. The living quarters 
are furnished with a microwave oven, 
hot plate, small refrigerator, and freezer. 
Also, equipment is provided to cool and 
dehumidify the atmosphere and to scrub 
carbon dioxide from the breathing 
mixture. 

The Mini-Habitat was designed and 
fabricated by the Worldwide Develop- 
ment Corporation, with Battello- 
Columbus engineers monitoring the 
work. The Battelle team, headed by 
David Adkins, and including Donald 
W, Frink, Arthur J. Coyle, Jerry A. 
Henkener, and Ronald D, Brubaker, also 
has designed and assembled support-ship 
supply systems and advised on the sizes 
and capacities of umbilicals, Dave Ad- 
kins is participating whh Ian Koblick, 
marine scientist and Tektite II aquanaut/ 
in the first mission In the Mini-Habitat 
for a duration of 2 weeks on the bottom. 

Light Back at You 

It's hell to drive on a rainy nighty isn*t 
it? The road becomes one big black open 
hole. Vou can't tell one lane from an- 
other, or where the road stops and the 
berm begins. Lights from the roadside 
or oncoming cars only add glare to the 
problem, You^d think they'd do some- 
thing about that, wouldn't you? 

There are reflectors for lane lines and 
center lines that work pretty well — in 
some places. The trouble is that these 
stick up as much as ¥4 inch from the 
road surface. This is O.K. in warm coun- 
try^ but not up north; you get one sum- 
nicf's usv; out of them, and then after 
the first snowfall, a plow comes along 
and clips them off. They're pretty rocky 
to drive over, too, 

Battelle physicists Daniel R. Grieser 
and Charles E, Moellcr are working on 
a different idea for the Federal Highway 



Administration. Theyte designing re- 
tlyctor strips that are only I'k inch thick. 
Inside the strip.^ will be special reflector.s 
— based on the principle used in the 
mirror that the Apollo 1 1 crew placed on 
the moon to reflect laser beams back to 
their source on earth, 

This kind of renection — culled retro* 
renection — h achieved by using worner 
rcllectors, which are'mirrors set at right 
angles to one another. When a light 
beam strikes one mirror, it is renecied 
onto the surface of the other mirror and 
then directly back to the source of the 
light ~ regardless of the angle at which 
the corner redector sits. An ordinary 
mirror would reflect the light away from 
the source, unless the mirror was perpen- 
dicular to the beam, 

What Grieser and Moellcr want to do 
is make thin plastic strips with a smooth 
upper surface and a bottom surface that 
consists of thousands of these retrore- 
tlectors. When an auto headlight beam 
strikes the upper surface of the plastic, 
it will be deflected down to the array 
of corner reflectors. These will bounce 
the light beam right back to the surface 
of the plastic and on to the driver of the 
car. 

The strips can be as thin as they are 
because the plastic selected has an index 
of refraction close to that of water. Thin 
strips arc likely to become badly 
scratGhed In service, but because of the 
match in refractive index, wetting the 
strips has the effect of polishing them 
good as new. Thus, the wetter the road, 
the better the strips work. 

Gficser and Moeller expect their strips 
to provide good visibility of lane lines 
and center lines for hundreds of yards 
ahead — even when the road is com- 
pletely covered with water. 
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Forging Powder Metallurgy Prejotms 

The idea of using powder metallurgy 
(P/M) preforms instead of cast and 
wrought billets as inputs for hot forging 
was conceived some three decades ago, 
Interest in employing such preforms is 
growing rapidly; however, technology 
has not kept pace. Though some com- 
panies have done research in this area/ 
broadening the application of this forg- 
ing process on a production basis calls 
for . additional data. Metailurgists at 
Battelle-Columbus propose to conduct 
an investigation that will provide the 
data needed. 

The forging of P/M preforms re- 
quires these basic steps: (1) combining 
powdered materials to give a preform 
with the desired composition; (2) shap- 



ing the preform under pressure; {}) sin= 
tcring it; (4) heating it to the forging 
ieniperature; and (5) finish lorging^he 
part. The process uniits three steps that 
arc ncceHsary in conventional forging — 
preforming the billei. blockiii^ 1l and 
trimming the nash after finish ft^rging. 

There are ^^cvcrul advaniagcH to forg- 
ing 1-/M preforms. Uesides avoiding the 
cost of these three convent ion a Nforginy 
steps, it virtually eliminates the usual 
scrap loss. Furthci, the final products 
show less directionality of proporiics in 
general and hetier reproducibility of tne- 
chanical properties. 

According to Harold J, Henning. who 
will lead the proposed research prograni. 
plans call for undenaklng six taskH over 
a period of 3 years. These are expected 
to provide data that will allow the forg- 
ing of P/M preforms to lie done on a 
broader scalcMvhile greatly minimizing 
the need for turthcr development stud- 
ies, The six tasks will cover: 

1 . The effects of preform characteristics 
and forging variables on forgcabiliiy 
of the preforms, 

2. Guidelines for designing preforms 
that will yield the highest quality 
forgings, 

3. Process development factors such as 
temperatures, pressures, tranfifer 
times, and lubrication. 

4. Data for predicting quality control 
requirements and reproducibility of 
products, 

5. Machlnabillty ratings for P/M pre- 
form forgings, for comparison with 
those of wrought bar stock, 

6. Heat treating methods, to compare 
the response of P/M preform forg- 
ings with those of conventionally 
formed products. 

It is expected that data provided hy 
the study will benefit com.panies in the 
forging and P/M fields by enabling them 
to improve production and expand mar- 
kets. Users of parts forged this way will 
get information that will permit them to 
specify materials and to design parts 
with greater confidence, thus leadir;: to 
an acceieraied demand for sue'- luins. 
The results also will be useful to pn'''- 
ducers of powder and manufacturers uf 
equipment, for similar technical and 
economic reasons. 

Presentation of the proposed program 
to potential sponsors is planned for late 
August. 

/< Hot Study of Etectroslng Refining 

Electroslag refining (ESR) of metals 
and alloys, like vacuum arc remelting 
(VAR), is used today as a batch-type 
operation to produce high quality maie- 
riali, pafticularly such iron-base mate- 
rials as bearing, tool, and high strength 
steels, in both proeesses the metal is first 
cast in the form of electrodes. In VAR, 
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ihe consumable cicctfodes are r^mslied 
in vacuum using arc huating. In ESR, 
the consumable electrodes arc rymclicd 
at aimosphcric pressure by niolicn ^lag 
that is electrical resistance healed. Puri- 
fication and solidification of the metal 
can be controlled to about the same ex- 
tent in the two procc«iScs: consequently, 
both now compcic as means for produc- 
ing large ingots commercially. 

For both VAR and ESR. it is a long 
road froni the original maicriul to the 
end-product. Thy ingot produced by re- 
melting must be forged or rolled into a 
billet; the billet is then forged or sonie- 
how worked into a prcform» which is 
finally fabricated. Suppose that using 
ESR. we could go directly from melting 
to a semifinished shape? Obviously, 
costly, tinic-consuming steps would be 
avoided. Battellc-Columbus mctallur- 
gists are proposing a study to attain thai 

In ESR, as in VAR, mulling is June 
in a water-cooled metal crucible. In 
ESR, however, one end of the electrode 
contacts a nlag layer that noats on the 
molten pool of rermcd mctaL Heat gen- 
erated by the siag\s elccirical resistance 
makes the slag hotter than the nub- 
merged part of the electrode. Drops of 
metal form and sink through the lighter 
slag; subsequently, the metal solidifies in 
the bottom of the crucible. The slag 
works beneflcially in three ways: (1) it 
takes some impurities from the metal 
as the drops pass through; (2) it prevents 
direct pickup oF contaminants, such us 
oxygen from the air, by covering the 
mohcn metal; and (3) it coats the cruci- 
ble wall, and thus helps achieve a sniooth 
ingot surface and high recovery of metal. 
The slag coating on the refined ingot is 
renioved easily. 

It seems quite feasible to arrange for 
the ESE niolten metal to solidify in 
crucibles or molds shaped to provide 
ingots or preforms with varioLis configu- 
rations, In the case of a hollow cylinder, 
for example, the cavity could be achieved 
by positioning a mandrel in the crucible; 
electrodes could be dispersed around the 
mandrel to supply nicjted nietal evenly. 

The proposed program alio will con- 
sider the practicabilities of preparing 
preforms by continuous ESR melting. 
This would be investigated using a bot- 
tomless crucible; the cylindrical pret'orm 
would be lowered as the melting and 
subsequent freezing proceeded* 

Although the areas for investigation 
are not novel, extenilve research is re- 
quired to provide a basis for producing 
preforms by ESR, The numerous **de- 
grees of freedom'' that make varied uses 
of ESR possible also create diniculties 
for the investigators because of the many 
variables involved. 

Basically, Bnttelle-Columbus special- 
ists arc planning to take a fundamental 
approach in this study. They seek to de- 



velop a thermal-meiallurgical under- 
standing of the process that will permit 
desiyning unconventional ESR unii^ as 
well as improving conventional ones. 

Toward ihh end. u 2V2 year study is 
contemplated. A meeting to present the 
proposed program to representatives of 
intcrcHted orguniHaiions is being ar- 
ranged for mid-August. 

A, O. HofTman of the Process MetuU 
lurgy Division, who will direct the study, 
indicates that the program will include: 

!. Developing thermni data on such fac- 
tors as: power input and powLT modes 
(ac or dc), the requirements of the 
slag pool, the relation >hip of the 
metal pool size to the rate of metal 
solidificaiion, and the clTecis of the 
slag coating. 

2, Incorporating these data into a com= 
puter model for working out the re- 
lationships among various factors in 
melting and the quality of the prod- 
uct, so that specialized ESR units can 
be designed without further exten- 
sive studies, 

3, Demonstrating the validity of these 
analyses by proceeding with the de- 
sign, development, and operation of 
an ESR umt for producing hollow 
cylinders, a prcforni shape that is 
both attractive to the industry and 
dilTicult to make. 

4, Proving out the structure (e.g,, grain 
orientation, grain size, and homoge- 
neity), workability, properties, and 
performance of preforms so 
produced, 

The economic potential of this pro- 
gram could approach that of the devel- 
opment of continuous steel casting. 
Higher yields, lower capital investments, 
and reduced product costs arc expected 
to result. Such a development will be of 
particular Interest to fabrication shops 
and alloy producers. 



Professional Posts 

Staff members recently named to pro- 
fessional posts include: 

Frederick A, Creswick, teehnical 
program chairman^ Intersociety Encfgy, 
Conversion Engineering Conference, So- 
ciety of Automotive Engineers. 

Dr, Richard S. Davidson, member, 
' Commiite? on Agriculture In Relation to 
the Quality of the Environment, AgrieuN 
tural Research Institute, National Acad- 
emy of Sciences* 

Winston Duckworth, chairman, 
Comniittee on Classes and Divisions, 
Amoricaii Ceramic Society, 



Dr, Charles L pAUj^r. chairman. 
Symposium on Fundamental Aspects of 
Electrochemical Machining. Electrothcr^ 
niics& Meialhirgy and Elcctrodeposiiiqn 
Divisions. Elccirochemical Society. 

Dr. SHHiiwooti L. FAWciir r, \ ice pres= 
idem, and chairman of Section on lndus= 
trial Science. America!! Associanon for 
the Advaneemcni of Scienec, 

Wmjjam C\ FiNi.Hv, member. For- 
estry Advisory CounciL State of Ohio. 

Dr, Curtis M. Jackson, member, 
Van Miller Award Coniniitiee, The Wire 
Association, 

Dr. RoHiiUT I, jAFFiiH, chairman. Re- 
search and Tcelinology Advisory PanoF 
on Materials ibr Aircruli Engines. Na- 
tional Aeronautics and Space Adminis- 
tration; and member, Committee on a 
Distinguished Lectureship in Materials 
and Society, Metallurgical Society of 
American Institute of Mining, Metallur- 
gical, and Petroleum Engineers and 
American Society for Metals. 

Edv^ard E, Laitila, chairman, Urban 
Economics Committee, American Real 
Estate and Urban iconomics Association, 

Orval L Linehrink. chairman. Meet- 
ings and Program Committee, National 
Conference of Standards Laboratories; 
and Instrument Society of America rep- 
resentative to the National Conference 
of Standards Laboratories. 

James P. Loom is. representative from 
the American Institute of Aeronautics 
and Astronautics on the Intersociety 
Planning Committee to establish the U.S. 
National Committee on Transportation 
Engineering, 

Dr, F, Rolf Morral, member, Advis- 
ing Comniittee, Emilio Jinieno Technical 
and Metallurgical Institute, Spain* 

A, Georce Mourad, chairman, Study 
Group No, 1-25 on Marine Geodesy, 
International Association of Geodesy, 

John W, Murdockj member^ Science 
Information Council, National Science 
Foundation, 

LoRAN s, O-Bannon, chairmnn, Past 
Presidents Council, American Ceramic 
Society. 

Charles W. Rodman, membership 
secretary, Acoustical Materials Commit- 
tee, American Society for Testing and 
Materials. 
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Appointments 

FrGderick L, Bagliy, ussi!itant director, 
gr: spomor and pro- 

r firam develop- 

U-.^ ^J.— m c n t , He is 
responsible for 
generating new 
t ^^^^ expanded rc- 

\^;y^^^^^m ^^3^ch progrunl?; 

and for develop- 
ing support for 
them from industry and government on 
u contract basin, Fred has been manager 
of the Depart men' of Mechanical Engi= 
necring. With Battvllc since 1946, he has 
a long history of conducting and direct- 
ing research in the various fields of cngi-^ 
necring, with particular stress on 
aeronautics and astronautics, 

Richard J, Ander5on.i director of re- 
search promotion, 
devotes much of 
his effort to devel- 
oping more effec- 
tive communica- 
tions between 
Battcllc-Colum- 
bus and business, 
professional, and 
government groups. This is an extension 
of his roic as Interpreter of scientific and 
technological research. He will continue 
to serve as assistant to the vice president, 
devoiing part of his time to the programs 
of Battelle's affiliate organizuliDn in 
Australia, 

Edwin E* GraveSj administrative man- 
ager, sponsor and 
program develop- 
mentj is respon- 
sible for the ad- 
ministrative and 
budgetary control 
of programs re- 
lated to maintain- 
ing sponsor rela- 
tions and opening new areas of research 
sponsorship, His concerns extend to the 
development of new approaches and op- 
erational procedures for such sen ices 
and to the strengthening of sponsor 
relations not associated with specific re- 
search projects, 

George M* McClure, manager. Depart- 
ment of Mechan- 
ical Engineering. 
He carries the ov- 
erall responsibility 
for nianaglng re- 
search i n the 
many sectors of 
mechanical engi= 
neerlng including 
the gcnernl areas of design and develop- 
ment engineering; . solid and structural 





mechunics; and Huid and thermal me- 
chanics. In his 21 years'at Battellc. 
George has performed and directed re- 
search in the general field of structural 
mechanics, especially on piprlines, 
piping, and pressure vessels. 

Thomas J, Atterbury, associate manager, 
Dcparimcnt of Mechanical Engineering, 
In his new assignment, Tom os^ersees re- 
search in the fields of applied solid 
mechanics, stress analysis, structural 
analysis^ materials application, and fa- 
liguc of materials. Formerly chief of the 
Applied Solid Mechanics Division, Tom. 
has guided theoretical and experimental 
St ress=ana lysis studies, especially on pres- 
sure vessels and shell structjres. 

Dr, Joseph Duncan^ associate man- 
ager of the Department of Economics 
and Information Analysis, has the re- 
sponsibility of expanding Battelle- 
Columbus studies in the urban ficlcLHc 
has conducted such research for a dec- 
ade, broken by service as Deputy Assis- 
tant Secretary in the U,S, Deparinient of 
Commerce. In recent years he has di- 
recied Battellc's Urban Studies Center in 
Clevciand. Other flelds of interest have 
been manpower trends, regional grovvth 
patterns, and urban socioeconomic 
problems, 

Dfi Cliarlcs Wp Tovvnicy, assistant man- 
ager. Department of Physics. He is re- 
sponsible for activities related to 
technical and management development, 
and for administrative and personnel 
matters. Chuck has served as chief of 
structural physics research, and earlier 
as chief of chemical physics research. He 
has considerable research to his crediti 
particularly in nuclear and radiochem- 
istry and in the application of radioiso- 
tope techniques, 

Arthur Duffy, chief of applied ;ne- 
chanics of materials. He and his col- 
loagues perform engineering studies that 
apply the principles of fracture mechan- 
ics and knowledge of materials proper- 
ties to the design of fracture-safe piping, 
pressure vessels^ and other structures. 
This group. conducts research in all as- 
pects of pipeline technology and on the 
stornge and transport of cryogenic fluids. 

Robert J. Fiorenfino, chief of metal- 
working research, directs analytical and 
experimental studies on the development 
of metalworking systems; hydrostatic 
extrusion and forming; isothermal, in- 
candescent rolling; precisioii and con- 
ventional hot and cold forging; 
conventional hot and cold extrusion, roll- 
ing, and wire drawing; metalworking 
lubrication; and the design of metaU 
working tooling and equipment for both ^ 
laboratory an i prototype produotion, \ 



James S, Glasgow, chief of marine equip- 
mcni engineering, guides the develop- 
ment of techniques and equipment for 
supporting Hfc and performing work un- 
derwater. Broadly experienced in me- 
chanical engineering and muchme design, 
his group also performs research on auio- 
mated produci-inspeciion gysienm, bio- 
medical devices and instrumeniaiion, and 
the applicaiion of special materials such 
as the memory alloy. Nilinol, 

Dr, ,lQhn F. Kircher, chief of structural 

physics, supgrvises research in crystal 
growih and structure, surface science, 
and materials structure analysis, using 
such techniques as x-ray and electron 
diffraction, electron microscopy, ellipso- 
metry, and electron microprohe analysis. 

David W, Locklin, chief of combustion 
systems and air quality engineering. He 
directs a nesv division that is manned by 
staff members experienced in the fun- 
damentals of combtistion and the dcvcN 
opment of combustion equipment, with 
emphasis on the control of air pollution. 
The group's skills also cover the areas of 
air quality studies, atmospheric diffusion, 
incineration, and pollutant emission mea- 
surements, 

Howord C Moochom^ chief of mechan- 
ical dynamics, leads a group that special- 
izes in vibration analysis and acoustical 
studies. This group focuses strongly on 
investigating dynamic phenomena such 
as those associated with machine tools, 
production machinery, and all types of 
' vehicles ranging from golf carts to high 
speed passenger trains. 

Spencer A, Schillings chief of metals and 
minerals, electronics, and manufacturing 
economics research, guides studies in- 
volving diversification planning, new- 
product plnnningj marketing-strategy 
development, and venture appraisal 
relating to these and other fields, 

James E. Sorenion, chief of applied solid 
mechanics, oversees the use of theoretical 
and experimental stress-analysis tech- 
niques and materials technology in re- 
search associated with the design of a 
wide range of structures. Important areas 
of application include offshore structures 
and pipelinesj pressure vessels, aircraft 
and space vehicle structures, and nu- 
clear reactor structural components, 

Robert A, Stein, ehief of defense plan- 
ning and engineering, a newly formed 
division in the Washington ^ D,C. offices. 
He and his associates are concerned 
mainly with planning, systems, and engi- 
neering studies that require close liaison 
with organizations located in the capitol 
area. 
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Ecologlcil Effects of Milrow. Wha! did an underground nucleBr 
iest=^MiirDw=of about i^megaton yield do to. life and the physical 
characteriBtics of the Aleuiian ■sland of Amehiika. locefed about 2.500 
miles west of Seaitle? The two pnotos. before and after the test, show 
how the lakes near surface ground zero (SQZ) were affected by the 
deionaiion 4,000 feet underground As part of the tist prDgram 
sponsored by the Atorntc Energy Commission, the Battelle^Colunibus 
bioscientists have been guiding and uoordinating the evaluation of 
Milrow's effects upon the islancl's ©cosystems The airris of (he siudy are 
to establish (1) bases for predicting the eflects of future tests. (2) 
methods of evaluating and documenting test effects on animals plants, 
and their environments, and (3) reeommsndations of measures that 
will minimize the effects of any future nuclear test Although the nuclear 
iiSis are designed to eontam all fadioac'tive matenais underground, a 
major concern is the ability to predict whai hazards an acetdental release 
of radioactivity might Greats for rr^an via the various possible food chains 
(G g , plankton to fish to man) 




According to Or Ricfiard S Davidson, program dirseior. and Dr James 
B Kirkwood. lechniGal coordinator for the bioenvironmental studies, 
prilfr?i:nary postshoi Observations mdicate that a small number of 
sngkleback fish were killecl by shock effects, but only m lakes near SQZ 
No adverse consequences were immediately detectable on marine 
life such as sea otiifs. see lions, fish. and sea urchins There was 
some shifting of water courses on *hi island and also some damage to 
clffls and sea stacks where birds nest m Spring and Summer Data on 
the immediaie postbhor effecti were gathered by bioscienlists from 
Sattelie. the University of Washington, The University of Tennessee, The 
Ohio State University, The Utah State University. The Smithsonian 
Institution. Cornell University, The U S DBpariment of the Intenor. and 
the State of Alaska. The same investigators are analyzing the data 
collected, and presently are gathenng additional data to document any 
delayed effects of f^tlrow. 
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Harneising Lasers to Glass Produetion, How Is laier radiation 
converted to enirgy m glass? What forms does such energy like? These 
are importani quesirons m the Batielle-Colurnbus program on the ue© of 
lasers m the glass industry. Critical in this investigation is a thgrftiocouple 
10 detect infrared radiation m the COj laser beam and to measure the 
intensity of such radisiion: Osmar A. LJIInch (right) designed and I 
prfparid a thermocQuple that can sense infrifed radiation within 25 
microseconds. The thermocouple consists of crossed stnps of silver 
and biimuih that are vacuum evaporated on glass. Here, Dr, John 
Robert ShewelL who heads the laser-use study, is positioning iht device 
behind a 1 SHnch focal length lens that focuses the beam on the 
thermocoupla junction. 




Pridlating iloBd Canipifibjtity of Materials. Finding maienals that 
are compatible with human blood Is a first^order need in. developing 
devices that are to work witK man's circulatory system /Predicting 
such corTipatibility is an important step m evolving appropnate matinals 
According to Dr. Carl J. Penningfon. a valuabie predictive index is based 
upon the adherenci of blood elements to a material after it has been 
immersed m blood for a prescribed penod. Shown hsre in remarkable 
detail IS a candidate synthetic material after immersion; this specimen 
IS being studied in research for the Artificial Heart Program of the 
National Inititutei Of Health. The appearance of platelets (hat have 
attached themselves to the fibers indicates that the maienal is only 
marginally blood compatible. The clanty of the photomicrograph 
demonstrates the uiifulnisi of the scanning a leciron mtQroscope in 
blood compatibility studies. 
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OTHER BATTELLE LABORATORIES OR OFFICES^ 



BATTELLi MEMORIAL INSTITUTE 

Columbus LaboratoriiS 
505 King Avinue 
ColumbuSp Ohio 43201 



In the U.S,A,i 

Chjcaio, Cleveland, Daytona Beachi Detroit, DuKbury 
(MasiJ, Huntsvllie, Loffg Beach, Philadelphia, 
Richland (Wash.), Seattle, Sequim Bay (Washj, 
Washington, D.C, 

Overseas: 

Adelaide, Buenoi Aires, Caraeas, Frankfurt, Geneva. 
London, Madrid, Paris, Rio de Janeiro, Sydney. 



The Columbus Laboratories of Battelle 
Memorial Institute perform contract research 
for industry, government, and other organiza- 
tions. They provide the personnel, experience, 
and equipment to solve problems and generate 
basic knowledge in virtually all areas of science 
and technology. 

Much of Battelle'Sfrowth has stemmed from 
the successful application of the multidlsci- 
plinary approach to research, in which special- 
ists from different scientific, engineering, and 
other disciplines Join forces to apply their 
in-depth knowledge to a problem, 

At Battelie's laboratories in Columbus, Ohio, 
the research focuses on: 

• the solution of highly specific and practical 
problems as well as theoretical explorations 
on the frontiers of science. 

• the design and development of materials, 
products, processes, and total systems. 

• information analysis, technical-economic 
and socio-economic studies, and marketing 
and management-planning research. 

Battelle research has produced advances in 



highly diverse fields for sponsors large and 
small located in 90 different countries. 

The staff at Battelle-Columbus includes ap- 
proximately 1,400 scientists md engineers 
who are experienced in a variety of disciplines. 
Supported by an equal number of other per- 
sonnel, they conduct research In specialized 
laboratories and other facilities housed in 35 
buildings, Battelle-Columbus also operates re- 
search facilities at Duxbury, Massachusetts; 
Daytona Beach, Florida; and Long Beach, 
California, 

Battelle Memorial Institute was established 
under the will of Gordon Battellei last of his 
line, as a memorial to his family. The Battelles 
were among the first settlers of Ohio and were 
prominent in the development of the state's 
iron and steal industry. Operations began in 
laboratories that today are part of Battelle- 
Columbus; and corporate headquarters con- 
tinue to be in Columbus, Other Battelle cen- 
ters for contract research are now situated In 
Richland, Waihington; Frankfurt, West Ger- 
many; and Geneva, Switzerland, Other research 
sites and offices are located throughout the 
world; the staff worldwide totals afcout 7,000. 



